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This book is designed specifically for Cambridge
IGCSE®™ Chemistry 0620, Experienced teachers have
been involved in all aspects of the book, including
detailed planning to ensure that the content gives the
best match possible to the syllabus.

Using this book will ensure that you are well
prepared for studies beyond the IGCSE level in pure
sciences, in applied sciences or in science-dependent
vocational courses. The features of the book outlined
below are designed to make learning as interesting
and effective as possible:

* These are at the start of each

spread and will tell you what
you should be able to do at
the end of the spread.

* Some outcomes will be
needed only if you are taking
a supplement paper and these
are clearly labelled, as is any
content in the spread that goes
beyond the syllabus.

Supplement

DID YOU KNOW?

These are not needed in the
examination but are found
throughout the book to
stimulate your interest in
chemistry.

PRACTICAL

These show the opportunities for practical
work. The results are included to help you if
you do not actually tackle the experiment or are
studying at home.

End of Unit answers are provided at

www.oxfordsecondary.com/
essential-chemistry-answers

Introduction

STUDY TIP...

Experienced teachers give
you suggestions on how
to avold common ervore or
9Lve useful advice on, how
to tackle questions,

——

These summarise the most
important things to learn from
the spread.

SUMMARY QUESTIONS

These questions are at the end of each spread
and allow you to test your understanding of the
work covered in the spread.

At the end of each unit there is a double page of
examination-style questions written by the author.

At the end of the book you will also find:

‘Alternative to Practical’ section — this provides
guidance if you are doing this examination paper
instead of coursework or the practical examination.

A useful Revision Checklist to help you prepare for
the examination in four written papers.

Assessment structure
Paper 1: Multiple Choice (Core)
Paper 2: Multiple Choice (Supplement)
Paper 3: Theory (Core)
Paper 4: Theory (Supplement)
Paper 5: Practical Test

Paper 6: Alternative to Practical




1 Particles and purification

T

« State the distinguishing
properties of solids, liquids
and gases

* Describe the structures of
solids, liquids and gases in
terms of particle separation,
arrangement and motion

* Describe the pressure and
temperature of a gas in terms

of the motion of its particles /

The three states of matter

Substances can be solids, liguids or gases. These are the three states
of matter. Most substances can exist in all three states. For example,
water can exist as ice, liquid water or steam.

All matter is made up of particles. Three types of particles make up
most matter — atoms, molecules and ions.

An atom is the smallest particle that cannot be broken down by

chemical means.

A molecule is a particle of two or more atoms joined together.

An ion is an atom or group of atoms that carries an electrical charge.

@
@ [ ]
® e
e
e °®
e @
hlll_ -
A solid has a definite shape and A liquid has a definite volume but takes the A gas has no definite volume.
valume, but cannot flow. shape of its container. It can flow. It can spread everywhere
throughout its container.

Steam is water in the gaseous state

DID YOU KNOW?

The heat from your hand is
enough to change the metal
gallium from a solid to a liquid.

_ There are three states: solid, liquid and gas

We can explain the properties of solids, liquids and gases by looking
at their particles” arrangement, movement and proximity — how close

they are together.

Stronger
attractive
@ forces

SOLUD: arrangement:
fixed pattern;

motion; only vibrate;
proximity: close together

5
@,

—— Weaker
forces

LIQUID: arrangement:
random — no fixed pattern;
motion: slide past

each other;

proximity: close together

A\ AN

@ @ 39
GAS: arrangement:
random;

motion: move
everywhere rapidly;
proximity: far apart

_ Properties of solids, liguids and gases




Compressing gases

We can picture a gas as a collection of randomly moving particles
(molecules or atoms) which are continuously colliding with each other
and with the walls of their container. The gas particles exert a force on
the walls of their container, causing pressure. When we decrease the
volume of a gas, the molecules get closer together and hit the wall of
the container mare often, so the pressure increases (see Figure 1.1.3).
The higher the pressure, the closer the particles are to each other.

gas molecules :
LN

increased
pressure

\olume

When the volume of the
container is decreased, the gas
molecules are squashed closer S
together and hit the walls of Pressure

the container more often {i %

Heating gases

A closed container has a fixed volume. If we heat a gas in a closed
container, as the temperature increases, the gas particles move faster
and hit the walls of the container with increased force. We say that
the molecules have greater kinetic energy (energy associated with
movement) at a higher temperature. The higher the temperature,
the higher the pressure will be in the container. If the volume of

the gas is not fixed, for example in a gas syringe, the volume of gas
increases as the temperature increases. This is because the higher the
temperature, the faster the gas molecules move — they have more
kinetic energy. The greater force exerted by the gas molecules on the
syringe plunger pushes the plunger out until the pressure is balanced
by the pressure of the atmosphere,

SUMMARY QUESTIONS

1 Which of these phrases refers to
a gases
b liquids
¢ solids?
* The particles are close together.
*  The particles are randomly arranged.
*  They have the strongest attractive forces between the
particles.
2 Explain why it is dangerous to heat a closed glass jar full of gas.

3 How does the motion and distance between the gas particles
change in a closed container when a the temperature increases

and b the pressure increases? /

STUDY TIp

Note that inereasing
temperature increases the
average speed of the gas
particles, but Lwcmasim.g
the Préssure at comstant
temperature has no effect

on the speed of the gas
particles.

~—~

As the volume decreases,
the pressure increases

Volume

Temperature °C

constant temperature, the
volume of gas decreases

Solids, liquids and gases can
be distinguished by their
shapes and how easily they
flow or spread out.

The properties of solids, liquids
and gases can be explained

in terms of the closeness,
arrangement and motion of
their particles.

The closer the particles in a
gas, the higher the pressure.

Increasing the temperature of
a gas increases the speed at

which the particles move.




¢ Describe the changes of
state in terms of melting,
boiling, evaporation, freezing,
condensation and sublimation

* Explain changes of state in
terms of the kinetic theory

Supplement

STUDY TIp

Remember that mpst of
the particles i, Liquids
are touching one anothey
[t fs. a common ervor tp
think that theg are well
separated,

A gas heating up
liguid vaporising

solid liquid heating up
melting

C
A solid heating up

Time

_ A substance is heated at a

constant rate. The flat parts
of the curve show where
the substance is melting
(B-C) and boiling (D-E).

Temperature / °C

Changes of state

When we heat a solid, its particles gain energy and vibrate more
vigorously. The forces of attraction between the particles are weakened
and the solid melts. Heating to a higher temperature weakens these
forces of attraction further and the liquid turns into a gas — the liquid
boils. At temperatures below the boiling point of a liquid, some particles
have enough energy to escape and form a vapour. This process is called
evaporation. Energy needs to be supplied to melt, boil or evaporate a

substance.

Cooling a gas makes it condense into a liquid. Further cooling
results in the liguid freezing. Energy is given out to the surroundings

when a substance conden

ses or freezes.,

Energy put in

-l

-

Melting Baiing = @
4.+,

-——
Freezing

Condensing

Energy given out

_ The changes of state. Energy must be put in to melt and boil a

substance. Energy is given out on condensing and freezing.

A few substances change directly from a solid to a gas when heated.
No liquid state is seen. On cooling, the gas turns back to the solid

state. This change of state is known as sublimation.

solid =

Explaining changes

We can explain changes of state by using the idea that particles are
constantly in motion. This is called the kinetic particle theory. We
can explain a heating curve using ideas about the energy and motion

of the particles.

sublimation

sublimation

of state

> gas

* A-B: Increasing heat energy increases the vibrations of the particles

in the solid. So the temperature of the solid increases.

* B-C: The forces of attraction between the particles are weakened
enough so that the particles begin to slide over each other. The
temperature is constant because the energy supplied is going to
overcome the forces between the particles instead of raising the

temperature. The substa

nce melts.

juswajddns



* C-D: Increasing the energy increases the motion of the particles in
the liquid. So the temperature of the liquid increases.

* D-E: The forces of attraction between the particles are weakened
enough so that the particles move well away from each other. The
temperature is constant because the energy supplied is going in to
overcome the forces between the particles instead of raising the

temperature. The substance boils. SUMMARY QUESTIONS
* E-F Increasing the energy increases the speed of the gas particles.

So the temperature increases. The gas particles are far away from 1 Give the names of these
each other. changes of state:
a liquid to gas

b solid to liquid
{ PRACTICAL ¢ gas to liquid

A heating curve for salicylic acid 2 Copy and complete using the
words below:

Supplement

1 Asolid called salicylic acid is heated A
at a constant rate. We can record absorbed energy
its temperature at intervals. A graph flat forces melting

of temperature against time shows
that the temperature does not
increase steadily all the way.

When we heat a solid,

is absorbed and raises the
temperature of the solid. At
2 \We can also plot a heating curve the point, the energy

Temperature

directly using a temperature probe - > is  toovercome the
attached to a data logger and | icde attractive between the
computer. [Figure 1:2.3° A heating curve particles rather than raising
o the temperature. That is why
there is a part to the
In the heating curve in Figure 1.2.3, the horizontal part of the graph heating curve.

is where the solid is changing to liquid. This is its melting point. There 3
is no temperature rise here. So the energy supplied is not raising the
temperature. The energy is being absorbed to overcome the attractive
forces holding the particles of solid in position. A similar thing 4 Explain, using the kinetic
happens at the boiling point. particle theory, what happens
to the motion and closeness
of particles when:

What does the term
sublimation mean?

a bromine vapour cools and
forms liquid bromine

, » ) j b liquid sulfur cools and
1 The terms melting, boiling, condensing and freezing are used forms solid sulfur

for specific changes of state.
5 Sketch a graph to show how
2 Sublimation is the direct change of state from solid to gas, or temperature changes when a

gas to solid without a liquid being formed. gas is cooled slowly over time

3 In melting, boiling and evaporation energy is absorbed (put in). to fgrm a !iquid. indipatg the
boiling point of the liquid on
your graph.

4 In condensing and freezing, energy is released.

5 When a change of state occurs, there is a change in the type
of motion of the particles which can be explained using the
kinetic theory.

Supplement




a

* Show an understanding of
Brownian motion as evidence
for the kinetic particle model
of matter

¢ Describe diffusion

* Describe and explain
Brownian Motion in terms
of random molecular
bombardment

¢ Describe the evidence for
Brownian Motion

DID YOU KNOW?

You usually need a microscope
to be able to see tiny grains
moving in an irregular manner.
An exception to this is the
movement of dust particles
seen in bright sunlight when
the air is still. The dust particles
seem to dance about in a

4

random way.

— Brownian Maotion is the

irregular, random motion
of tiny particles suspended
in a liquid or gas

The kinetic particle model

In liquids and gases, the particles are constantly moving and
changing directions as they hit other particles. We say that they move
in a random way. The idea that particles are constantly in motion is
called the kinetic particle theory.

In Topic 1.2 you used the kinetic particle theory to explain the
properties of solids, liquids and gases. The kinetic particle theory
states that:

e particles in gases and liquids move randomly
* particles in gases do not attract each other
= particles in gases are so tiny that their volumes can be ignored

* when the particles in gases collide they hounce off each other
without any overall energy change,

The Brownian Motion

In 1827, the Scottish botanist Robert Brown, noticed that pollen
grains in water moved continually in a zig-zag way. Later, it was
found that all tiny particles suspended in a liquid or gas show the
same irregular movement. The type of movement is called Brownian
Motion and it gives us evidence for the kinetic particle theory.

Brownian Mation is caused by the random, irregular bombardment
(hitting) of visible particles, by even smaller particles of the liquid or
gases they are suspended in, which cannot be seen. These smaller
particles can bhe molecules, atoms or ions. When the collisions on one
side of the particle are stronger, or greater in number, than those on
the other sides, the particle moves slightly. Because the bombardment
is random and irregular, the particle also moves irregularly. Brownian
Motion gives us evidence for the kinetic particle model.

juawajddns

grain
o water molecules

= direction of
movement of grain

_ The unequal bombardment of water melecules on a tiny grain

causes it to move in the direction shown

Other evidence for Brownian Motion includes:

* The random motion of tiny particles of graphite or toothpaste
suspended in water.

* The random motion of dust or smoke particles in the air.

Larger, heavier particles do not show Brownian Motion. This is

because the difference in force of the collisions of molecules on each
side of the heavier particles is not large enough to move them.




Introducing diffusion

When we are cooking, the smell can spread throughout the house.
If we put a drop of ink into some water and leave it for a day, the
colour of the ink will spread throughout the water. Why is this?

The random movement of different particles so they get mixed up is
called diffusion. Diffusion results in the particles spreading throughout
the space available. The overall direction of the movement is from where
the particles are more concentrated to where the particles are less
concentrated. However, the particles are moving randomly, so some are
moving from less concentrated to more concentrated regions as well!

A Water particles
e Ink particles

ﬁﬂlﬂ*&ﬁ.afB | The colour of the ink spreads because the moving particles of ink mix
with the moving water particles

Generally, diffusion occurs only in liquids and gases because the particles
are able to move. Diffusion in gases is faster than in liquids. This is
because in gases the particles move rapidly but in liquids they move
slowly. Diffusion does not occur in solids because the particles are packed
tightly together and, although they vibrate, they cannot move around.

DID YOU KNOW?

The durian fruit found in

Malaysia and Indonesia is so
smelly that the fruit is not
allowed inside most hotels!

SUMMARY QUESTIONS

1 Copy and complete using the

words below.

different diffusion
gases particles

The kinetic particle theory

states that the _in
liquids and are in
constant _ motion,

random

When freely moving particles
collide, they bounce off each
other in directions. If
the particles are different they
get up. This process is

Supplement

Speed of diffusion and molecular mass

The speed at which a gas diffuses depends on how heavy its
molecules are. We compare the mass of molecules with each other by
using their relative molecular masses (see Topic 5.1). The greater the
relative molecular mass, the heavier the molecule.

Molecules that have a lower mass move faster than those with a higher
mass. If the light and heavy molecules have the same amount of energy
when they collide, the lighter ones will bounce off the heavier ones
quicker. So lighter molecules diffuse faster than heavier molecules.

Supplement

1 The kinetic particle model states that the particles in liquids
and gases are in constant motion and that when the particles
in gases collide, they bouince off each other.

2 Brownian Motion gives us evidence for the kinetic particle
model of matter.

3 Diffusion is the random movement of molecules, so that they
get mixed up.

4 Brownian Motion can be explained in terms of random
molecular bombardment of large visible particles by molecules,
atoms or ions.

5 Evidence for Brownian Motion comes from the observations of
the motion of tiny visible particles suspended in liquids or gases.

called

2 a Describe Brownian
Motion. Include a

diagram in you answer.

b Copyand complete this
sentence:

The movement of
particles in Brownian

Motion is evidence for the

particle model of
matter.

3 Tiny pieces of clay suspended

in water show a random
irregular movement. Explain

why by referring to the kinetic

particle theory.

4
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Supplement

» Describe and explain diffusion

* Describe and explain how
molecular mass affects the
rate of diffusion

DID YOU KNOW?

Diffusion can also occur in
solids but it is extremely slow

at room temperature. Atoms of
gold and lead will diffuse into
each other if the surfaces of the
two metals are in close contact.
If left for years in close contact,
the lead and gold appear to

be completely ‘stuck together’.
Some of the carbon atoms in
iron alloys (see Topics 13.1 and
14.4) can diffuse into another
metal when the two metals are
placed in contact. An important
application of diffusion in solids
involves adding ‘doping’ metal
atoms to a silicon microchip. /

Explaining diffusion

We have seen in Topic 1.3 that Brownian Motion provides evidence
for the kinetic particle theory. Diffusion also provides evidence for
the kinetic particle theory. Diffusion occurs in gases because the
molecules in gases are constantly moving, colliding with each other
and changing directions. This results in the gases spreading out. If
we put a gas jar containing (colourless) oxygen above a gas jar of
bromine vapour (brown) the molecules of the bromine vapour and
oxygen gradually mix because the particles are moving and colliding

randomly. The collisions occurring are:

* oxygen molecules with oxygen molecules

* oxygen molecules with bromine molecules

e bromine molecules with bromine molecules.
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oxygen
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The molecules in the gas jars collide and move randomly. This leads

to the gases mixing by diffusion,

Diffusion can also occur in liquids which are miscible (are able to mix
together) or when solids dissolve in liquids., When sugar is added to
water, it first dissolves. The dissolved sugar then diffuses through the
water because of the random collisions of the molecules. Eventually, the
sugar molecules are spread throughout the water. The rate of diffusion
is slower in liquids than in gases because there are weak attractive forces
between the liquid particles, but the kinetic particle theory assumes that
there are no forces of attraction between gas particles. So, particles in a
liquid move less rapidly than the particles in a gas.

The speed at which a gas diffuses depends on the mass of its
molecules. In Figure 1.4.2 the white ring is nearer the hydrogen
chloride end of the tube. This shows that hydrogen chloride has
heavier molecules than ammonia. We compare the masses of
molecules by using their relative molecular masses (see Topic 5.1). The
higher the relative mass, the heavier are the molecules. So, hydrogen

chloride is heavier than ammonia.




Supplement

At the same temperature, molecules that have a lower mass move,
on average, faster than those with a higher mass. If the light and
heavy molecules have the same amount of energy when they collide,
the lighter ones will bounce off the heavier ones quicker. So, lighter
molecules diffuse faster than heavier molecules.

/' DEMONSTRATION

Comparing speeds of diffusion

Cotton wool soaked Cotton wool soaked in
in ammania hydrochloric acid

o -

White ring forms

_ An apparatus to demonstrate

diffusion of gases

A long glass tube is set up as shown.

Concentrated hydrochloric acid gives off fumes of a colourless
gas called hydragen chloride. Cancentrated ammonia solution
gives off colourless ammonia gas. These gases diffuse along the
tube.

After a few minutes a white ring is seen nearer one end of

the tube. The molecules of ammonia and hydrogen chloride
have diffused. When the molecules of ammonia and hydrogen
chloride collide with each other they react and form a white
solid, ammonium chloride. The white ring is nearer the hydrogen

heavier molecule than ammonia.

SUMMARY QUESTIONS

chloride end of the tube. This shows that hydrogen chloride is a

1 Explain the following using the kinetic particle theory:
a A layer of water is placed carefully over a layer of red dye

solution so that they do not immediately mix. After two
days, the red colour has spread throughout the water.

b A bottle of perfume is opened at the front of the
classroom. After a little while, you can smell the perfume at
the back of the dassroom.

The bromine gradually diffuses throughout
the space available

1 Diffusion is the random
movement of particles. This
random movement leads to
mixing up of the particles of
different gases.

2 Diffusion in two miscible
liquids is slower than
diffusion in gases.

2 Explain why diffusion in gases is faster than diffusion in liquids.

3 The relative molecular masses of four gases are: carbon dioxide
44; methane 16; nitrogen 28; oxygen 32. Put these gases in
order of their rate of diffusion, with the fastest first.

3 The rate of diffusion depends
on the relative molecular
mass. Substances with a
higher relative molecular
mass diffuse more slowly
than those with a lower
relative molecular mass.

4




* Name appropriate apparatus
for the measurement of
time, temperature, mass and
volume

DID YOU KNOW?

The Indus Valley civilisation in
what is now Pakistan made

very accurate measurements

of mass, length and time 4600
years ago. Their smallest unit

of length was equivalent to
1.704 metres. /

Using a volumetric (graduated) pipette

Mass, time and temperature

In chemistry we often have to take accurate measurements of mass,
time and temperature.

The standard unit for mass is the kilogram (abbreviation kg).
Chemists, however, often find it more convenient to work in grams
(abbreviation g). We usually use a top pan balance accurate to two
decimal places to weigh out chemicals in the laboratory. Since many
balances nowadays have a digital readout, measuring mass is fairly
straightforward as long as you remember to set the balance to zero
with the weighing boat on it.

Sometimes we need to know how quickly a reaction proceeds.

In order to do this, we use a stop-clock. Electronic stop-clocks often
read seconds to two decimal places. We can achieve this precision,
haowever, only if we connect the stop-clock to another electronic
measuring system, for example a data logger and computer.

Temperature is measured in degrees Celsius, written °C. The thermometer
you use in the laboratory can sometimes be read to an accuracy of one-
tenth of a degree. Very often we do not need this accuracy and a reading
to the nearest degree is acceptable. When you take a thermometer
reading, remember not to take it out of the liquid when you read it.

If you do this it will cool down and so give an incorrect reading.

Measuring volumes

Volumes of liquids

In chemistry, we generally measure volumes in centimetres cubed
(cm?) or decimetres cubed (dm?).

Since 1dm? = 1000cm?® we can easily change cm? into dm? by
dividing by 1000.

Four pieces of apparatus are often used in chemistry for measuring
volumes of liquids. These are shown below.

]
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Measuring cylinder Valumetric Burette Volumetric flask
{graduated) pipette

¢

_ Apparatus for measuring volumes of liquid



There are various sizes of measuring cylinders and volumetric
flasks ranging from 5cm’ to 1dm’. Volumetric pipettes are made
in only a few sizes, the most common being 10cm? and 25cm?,

A burette is used to accurately deliver up to 50cm’ of liquid.

When we measure out volumes of liquids, we need to think about
the accuracy required. A burette or a volumetric pipette is much more
accurate than a measuring cylinder. The scale divisions on a burette
can be read to the nearest 0.1 cm? but a 100 cm? measuring cylinder
might have scale divisions only every 2 cm’.

A volumetric pipette is used to measure out a single fixed volume of
liquid very accurately. A burette is used if you want to measure out
volumes mare accurately than by using a measuring cylinder. It is also
used in titrations (see Topic 11.2) when you are not sure of the exact
volume of the solution you will be adding.

Measuring cylinders are most useful for making up fairly large volumes
of solution or in cases where accuracy is not as important. If we want
to make up a solution of a solid dissolved in a liquid accurately we use
a volumetric flask. We add the weighed solid to the volumetric flask,
then add the liquid until it reaches the line scratched on the glass.

Volumes of gases

Gas volumes can be measured using either a gas syringe or an
upturned measuring cylinder. When a measuring cylinder is used in this
way it is completely filled with water and then turned upside down in
a bow! of water. The gas pushes the water down — we say it displaces
the water. A burette can also be used in this way for greater accuracy.

Accuracy

Accurate measurements are very close to the true value. You are more
likely to get accurate results for your experiments if you:

* repeat your measurements in the same way each time
* Use apparatus with small scale divisions
* use the apparatus carefully.

SUMMARY QUESTIONS

1 What piece of apparatus would you use to:
a measure mass
b measure out 500 cm?® of water
¢ measure out 5cm? of a liquid very accurately?

2 State the name of the units and their abbreviations for:
a mass
b wvolume
c temperature.

3 State three ways you can improve the accuracy of results for an

experiment. /

STUDY TIP

When measwd

out volumes, think
about the acowrae
required. A burette or
volumetric pipette (s far
Wore accurate tham g
measuring eylinder.

—

" When reading the level of
a liquid accurately, your eye
should be in line with the
bottom of the meniscus

Measuring ¢ylinder

%— —— Gas
s - collecting
=0
Eo
E (s}
zo —— Water

o

Delivery tube

Measuring gas volume by
displacement of water

1 In chemistry, mass is measured
in grams, temperature in °C
and volume in cm? or dm?.

2 The apparatus you select for
an experiment depends on
the accuracy required in your
experiment.

3 Volumes of gases can be
measured using a gas syringe
or by displacement of water. /




Supplement

* Demonstrate knowledge
and understanding of paper
chromatography

* Interpret simple
chromatograms

* Interpret simple
chromatograms using R, values

* Qutline how chromatography
techniques can be applied to
colourless substances using
locating agents

Ink spot
placed here

Filter paper

Simple chromatography

We make use of many coloured chemicals in our lives. Ink and food
colourings are just two examples. These are often mixtures of several
different dyes. We can demonstrate this by placing a drop of ink on a
piece of filter paper. If you then add a few drops of water to the ink,
the colour spreads out from the ink drop and separates into several
different colours.

This method of separating pigments (coloured substances) using filter
paper is called paper chromatography. The colours separate if:

 the pigments have different solubilities in the solvent, and/or

* the pigments have different degrees of attraction for the filter paper.
These two factors determine how fast the pigments move across the
filter paper. If the mixture of pigments is not soluble in water, other

solvents such as ethanol or propanone can be used. The type of
solvent also affects how far the pigment moves across the paper.

We can get more information about the substances present in a
mixture of dyes by using a special chromatography apparatus.

PRACTICAL

_ This blue ink contains

three different dyes which
are separated on the filter

paper

DID YOU KNOW?

The Russian hotanist Mikhail
Tsvet in 1901 was the first to
separate colours from plant
leaves. His name was well
matched — in the Russian
language Tsvet means colour.

STUDY TIP

When drawing,
chromatogmphg
Apparatics, you must draw
the base Line or origin
Line on the chromatogram
sothat it is above the

starting level of the
solvent.

—

y

Making a chromatogram

1 First draw a pencil base line across a piece of chromatography
paper.

2 Then place a spot of the concentrated dye mixture, M, on the
base line using a very fine pipette.

3 Then put some spots of some pure dyes that you think the
mixture might contain, A, B and C, on the line as well. The
chromatography paper is put in a jar with the solvent. Make sure
that the solvent level is below the level of the spots otherwise
the dye will wash off into the solvent. As the solvent moves up
the paper, the dyes in the mixture separate from each other.

Lid— ~ |
,,,,,,,,,,,,,,,,,, =
Chromatagraphy
| —paper——{ |
Base line—f—= - . -
M A B C
Solvent—- ¥
Chromatography tank

_ Apparatus for chromatography

_




How can we interpret the chromatogram shown here?

The mixture, M, has separated into three dyes. Two of the pure dyes . a
have risen to the same height as two of the dyes in the mixture. So the
mixture M contains dyes A and C but not dye B,

From this we can see that chromatography has two uses: .

* identifying the substances in a mixture

Supplement

* separating out substances in a mixture and thereby purifying them. M A B C
\_Figure 1.6:3| M contains dyes A and C
More about chromatography Ry )
Chromatography can also be used to identify colourless substances. We
do this by carrying out chromatography in the same way but this time
we mark a line near the top of the paper to show where the solvent has W |
reached — this is the solvent front. The chromatography paper is then 1 ' ! l
dried and sprayed with a chemical called a locating agent. The locating E4 . N
agent reacts with the chemicals in the colourless spot and a coloured
compound is formed. The colour is usually developed by warming the
paper in an oven. Different locating agents are used for different types of
compounds. For example, amino acids form coloured spots on the paper )
when sprayed with ninhydrin. We can identify the substances on the At R GRR . ColOuT e d
chromatogram by comparing how far the spots have moved from the
base line compared with the solvent front. This is called the R, value.
T disténce from base line to the centre of the. spot 1/Copy and complete using the
distance of solvent front from the base line words below:
For example, here: _ ) filter mixture
4 Solvent front = —————+ solubility solvent
Ryoth= & Sy A Chromatography can be
(5 bk used to separate a of
R ofB=—2=025 i nyes, The of the dyes
6 o in the determines how
When R, values have been l 11 S far they travel up the
calculated they can be compared Bage lmgs—1— ' PaRSE
with tables of known R, values and . 2 When setting up a
the compounds present identified. " Fi ] Values used in chromatogram, suggest why
Rr values vary with the solvent used. calculating R, the base line where the dyes
are placed is not drawn with
a pen.
3 The R, values of four amino é‘
1 Chromatography is a method for separating and purifying acids are shown below: 2
coloured compounds using filter paper and a solvent. alanine 0.38; lysine 0.14; %
2 Chromatography can be used to identify compounds. serine 0.27; valine 0.60 =
: Put these amino acids in order
3 Lcj;v;atmg agents are used to make colourless compounds of how far they would move
visible on a chromatogram. up the chromatography paper.
4 4 The compounds on a chromatogram can be identified using Put the one that would move
their Rr values. farthest first.
_4




¢ |dentify substances and assess
their purity from melting
point and boiling point
information

* Understand the importance
of purity of substances used

in everyday life 4

2 Water A
(R L s P
v k<t 25| molecules

Pure water Tap water is not pure;
contains only water it contains minerals
molecules and chlorine, as well as

walter

WFIGURe 15701 | Pure and impure water

It is important that each substance present in
baby food is pure

DID YOU KNOW?

Helium has the lowest melting
point of all the elements. It
solidifies under pressure only
at a temperature slightly lower
than -272°C.

Why is purity important?

In everyday life we use the idea of purity in a very inexact way. We might
read ‘pure orange juice’ on the side of a drink bottle. When chemists
talk about purity they mean that there is only one substance present.

In orange juice there are hundreds of different compounds present so it
can never be pure! It is very difficult to make substances absolutely pure.
Even distilled water is not pure. It contains tiny amounts of material from
the distillation apparatus and dissolved gases from the air.

It does not always matter if a substance is impure. But sometimes
purity is important. Many chemical companies make medical drugs
and food additives. Because we take these into our bodies, they
must be very pure. If a substance has a small amount of unwanted
substance mixed with it, the unwanted substance is called an
impurity. Impurities in food additives or medical drugs may have
harmful effects on health. The medical drugs are often mixed with
other substances to form a tablet but these substances must also be
very pure.

The computer industry needs very pure silicon to make computer
chips. If there are tiny particles of unwanted substances in the silicon,
the chips will not wark properly.

How do we know if a substance is pure?

In the last topic you saw that chromatography can be used to
separate coloured substances. This method is also valuable in
checking for purity. If only a single spot is seen on the chromatogram,
the substance is likely to be pure. If several spots are seen, the
substance is impure. We cannot use chromatography to test every
substance for purity but we can use another method — we can
measure the melting and boiling points of a substance.

Most pure substances have distinct melting and boiling points.

The melting point is the temperature at which a salid changes to

a liquid. The boiling point is the temperature at which a substance
changes from a liquid to a gas. Melting points and boiling points can
be used to identify a substance. We can use tables of melting and
boiling points to identify a pure substance.

Pure substances have a sharp melting point and boiling point.
For example, the boiling point of water is exactly 100°C.

If a substance is impure, the impurities will have an effect on the
melting and boiling points.

The presence of an impurity in a substance has several effects on the
melting and boiling points:

* The melting and boiling points are not sharp — the substance melts and
boils over a narrow range of temperatures. The more impurities, the
wider the range of temperatures over which melting or boiling occurs.



« The boiling point is increased by impurities. For example, adding
salt to water can increase the boiling point of ‘water’ to 102 °C.
The greater the amount of salt present, the greater the increase in
the boiling point.

* The melting point is decreased by impurities. Adding salt to water
decreases its melting point. The more salt added, the greater the
decrease in melting point. This has its uses: salt can be put on the
roads in icy weather so that ice is less likely to form.

How do we purify mixtures?

In most chemical reactions several products are made. These
products often need to be separated from unused reactants or other
impurities. We can use several simple methods to purify a mixture
depending on the state of the substance we want to obtain. None of
these results in an absolutely pure substance but they are suitable for
general school laboratory use.

We can separate an undissolved solid from a liquid or a solution
by several methods. These include filtration, decanting and
centrifugation. Once separated, the solid is washed to remove any
solution that might be between the solid particles.

Evaporation of solvent can be used to separate a dissolved solid from
a liquid. The solution is heated in an evaporating basin. The sclvent
boils off leaving the solid behind. Leaving the solvent to evaporate

at room temperature has the same effect. This will not produce a
pure solid, however, if there is more than one dissolved solid in the
original solution.

Fractional distillation is used to separate a mixture of liquids that have
different boiling points.

You will learn more about these methods in the next two topics.

SUMMARY QUESTIONS

STUDY TIp

Remember that pure
substances have defimite
sharp melting points
angl boLLLv\g Points.
mpure substamces melt

temperatures,

1 Copy and complete using the words below:

lower pure sharp solution wider

Pure water has a melting point. A of salt in water
melts overa _ range of temperature and has a
melting point than water.

2 Give two examples where purity is important in everyday life.
3 Which of the following are pure and which are impure?

a tap water

b a crystal of sulfur

¢ a mint-flavoured sweet

d

Pure water boils at
100°C exactly

Impure water
boils above 100°C
depending on the
concentration of
the dissolved salt

2| Bailing pure and impure
water

1 Medical drugs and food
additives must be pure to
avoid harming people.

2 Melting points and beiling
points can be used to identify
pure substances.

3 A pure substance melts and
boils at definite temperatures.
An impure substance melts
and boils over a range of

seawater
4

temperatures. /




* Describe and explain methods
of purification by filtration
and crystallisation

* Describe and explain methods
of purification by the use of a
suitable solvent

_

We can use filtration to separate a solid from
asolution

STUDY TIp

Whewn desciibi
erystallisation, writiing
Just ‘heat the solutipn’
Ls fm:at as complete as
wWritlng ‘evaporate off
some of the water g
thew Leave to copl’.

Separating a solid from a solution

Filtration

A solution contains a solid dissolved in a solvent. The dissolved solid is
called the solute. The liquid that dissolves the solid is the solvent.

An undissolved solid can be separated from a solution or liquid by passing
it through a piece of filter paper in a filter funnel. This is called filtration.
The solution which passes through the filter paper is called the filtrate.
The solid that stays on the filter paper is called the residue. The solid
should be washed with distilled water to remove any solution between
the solid particles, The solid is then dried in an oven.

Filter paper

Filter funnel

Residue

{ %—- Filtrate

Filtration apparatus

Decanting and centrifugation

Decanting is simply pouring off the solution. It is suitable for solids that
have very heavy particles — for example, to separate sand from water.

A centrifuge is a machine which spins test tubes around and around
at very high speeds. The spinning pulls the solid to the bottom of the
tube. You can then decant the liquid from the solid. To get rid of any
solution between the particles of solid, you can break up the solid,
wash the solid with water and centrifuge again.

Crystallisation

Crystallisation is used to obtain a crystalline solid from a solution.
The solution is gently heated in an evaporating basin to concentrate it.
The solvent, usually water, is evaporated until the crystallisation point
is reached. You can tell when this is by placing a drop of solution onto
a cold tile from time to time. If crystals form quickly, the crystallisation
point has been reached. The concentrated solution is then left to cool.



Evaparating Copper (1I) sulfate
i solution -
/ e - ==
¥’ Solution from s, .
¥ evaporating basin -
T
A —
Cold tile Leave fora few
days to crystallise

Crystallisation involves evaporation to the point of crystallisation.
Crystals form after the solution is cooled.

Crystals eventually form at the bottom of the evaporating basin.
These can then be filtered off and dried between pieces of filter paper.

If two dissolved substances have different solubilities at different
temperatures, fractional crystallisation can be used to separate them.
A warm concentrated solution containing the two solutes is cooled.
The solute with the lower solubility forms crystals. The solute with the
higher solubility remains in solution. The more insoluble solute can be
removed by filtration.

Solvent extraction

Solvent extraction can be used to separate two solutes dissolved

in a solvent. This is especially useful if one of the solutes is volatile
(evaporates readily). A second solvent is used to extract one of the solids
from the first solvent. The second solvent must not mix with the first
we say it is immiscible. For example, in Figure 1.8.3 we have a solution
of iodine and salt dissolved in water and we want to separate the
iodine. We shake the solution of icdine and salt with a salvent called
hexane. We da this in a separating funnel. After shaking, the iodine has
moved to the hexane layer. The salt will remain in the water layer.

SUMMARY QUESTIONS

1 Suggest suitable methods to:

a separate crushed chalk from a mixture of chalk and water

b get magnesium chloride powder from a solution of
magnesium chloride in water

¢ get crystals of calcium chloride from a solution of calcium
chloride.

2 Copy and complete using the words below:

centrifugation filtrate mixture residue
solid trapped

An insoluble can be separated from a liquid by filtration
or When a of a solid and a liquid is filtered, the
solid on the filter paper is called the and the

liquid which passes through is called the :

3 Describe how you can get pure, dry crystals of sodium chloride
from a solution of sodium chloride in water. /

DID YOU KNOW?

The largest diamond in the
world was the Cullinan diamond.
When cutting the crystal Joseph
Asscher had a doctor and nurse
present because he was so
worried about his nerves if he
made a mistake.

4

Separating
funnel —
Solution
Hexane— ofiodine
in hexane
Solution Solution
of salt of salt
and iodine in water
in water

When a salt and iodine
solution in water is shaken
with hexane, the iodine
moves to the hexane layer
because the iodine is more
soluble in hexane than in
water. The salt is less soluble
in hexane than in water.

1 Solids can be separated
from solutions by filtration,
decanting or centrifugation.

2 Crystals are formed when a
solution of a crystalline solid
is partly evaporated then
allowed to cool.

3 Solvent extraction can be
used to separate two solids
dissolved in a liquid.

4




* Describe and explain distillation
including the use of a
fractionating column

* Suggest suitable purification
techniques given information

about the substances invo!ved)

Jasmine oil is extracted by adding water to
jasmine flowers and distilling off the ol

DID YOU KNOW?

In Bhutan, steam distillation is

used to make flavouring and
perfume from lemon grass.

STUDY TIp

Whewn choosing a
m.:,'f:hod to 'purifg a
mixture, think about the
states and solubilitiec

of the substamces in the
rxture,

—
L T

Simple distillation

Simple distillation is used to obtain a solvent from a solution.

Thermometer

Distillation
flask

Water out
Condenser

Salty water Water in
)
| Distillate 2
Heat (pure water)

_ Simple distillation separates water from dissolved salt.

The water is collected in the conical flask.

When a solution of salt in water is heated, the water boils and
escapes as steam, leaving the salt behind as a solid. The water is
volatile - it has a relatively low boiling point and easily changes to
the gaseous state. The steam turns back into water in the condenser,
This is because the condenser is cold. The temperature here has fallen
below the boiling point of water. The salt remains in the distillation
flask because it has a high boiling point. You can see that distillation
is a combination of two processes: evaporation and condensation.

Simple distillation can be used to get drinking water from salt water
on a large scale. Many countries in the Middle East have built huge,
simple distillation plants to get their drinking water.

Fractional distillation

Fractional distillation is used to separate a mixture of liquids with
different boiling points. Liquids which are miscible (they can mix with
each other) can be separated by this method. The method is very
important for the separation of petroleum fractions (see Topic 17.4) and
separating ethanol from water (see Topic 20.3). Fractional distillation uses
a tall column in which continuous evaporation and condensation of the
liquid mixture occurs, There is a range of temperatures in the column —
higher at the bottom and lower at the top. When vaporised, the more
volatile compounds in the liquid (those with lower boiling points) move
further up the column than the less volatile compounds. Eventually, the
most volatile compound reaches the condenser, where it changes to a
liquid. This is collected as the distillate. Less volatile compounds move
more slowly up the column and may eventually reach the condenser. They
condense one at a time as fractions in order of increasing boiling points.



Water out

Condenser . o
Factionating 1 Simple distillation is used
column packed tq separate water from a
with glass beads | dissolved salt.
\eserin s 2 Fractional distillation is used to
. separate more volatile liquids
from less volatile liquids.
Distillation gfﬁ!lﬁ} 3 Purification of a mixture
flask often involves a combination
of methods.
Ethanol and //
water
l ,g \ SUMMARY QUESTIONS
| Fractional distillation is used to separate a mixture of liquids. 1 Copy and complete the
The more volatile liquid collects in the conical flask. paragraph using these words:
Which method of purification? boiling column
distillation lower
To choose the best method for purifying a mixture you must have temperature volatile
a clear idea of how each method works. You may have to use a Fractional ;
combination of methods to separate the mixture you want from the i |0n? oo §gpa:cra i
unwanted substances. It is often useful to know about the solubility lmore Mot ;_e |_cgju1 1§h ol
of the substances you are dealing with. Here is an example: e Ui e
more volatile compounds
How can you separate a mixture of sand and salt to obtain pure dry have boiling points.
samples of sand and salt crystals? They move further up the
These are both solids, so you can not separate them out by a single dzstlllatlond . Each h
method. But salt is soluble in water and sand is not. COMIpOUNG CORBRNSes Wher
the in the column falls
» Add water and stir to dissolve the salt. below its point.
* Separate the sand from the salt solution by filtration — the sand is s Whichmethod or rothods
the residue and the salt solution is the filtrate. can be used to separate the
* Use the process of crystallisation to form the salt crystals. following mixtures?
* Rinse the sand with distilled water. a The two volatile ][qu;ds
* Dry the sand and salt crystals separately on filter papers. ethanol and octanaol.
b A mixture of solid
Pirey| - g S = Filter funnel copper(Il) sulfate and
_ﬁ/ﬁm‘b o) Filter paper sand.
' ¢ Water from an aqueous
. . solution of copper(II)
Water | N . Evaporating basin sulfate.
Mixture of aﬁ'ttrast”;)““o”ér'—_ﬁé — d A mixture of amino acids
salt and sand — e of similar solubility.
Salt crystals == ,/

Separating salt from sand




SUMMARY QUESTIONS

1 Give definitions of:
(a) diffusion
(b) evaparation

(c) condensation
(d) distillation.

2 Match each of the words on the left with two
of the statements on the right.

particles close together

DI particles move everywhere

. particles far apart

liquid G
can flow but has a definite surface
has a definite shape

gas

particles only vibrate

3 Match each piece of apparatus on the left
with the phrase on the right that describes it.

volumetric  can be used to measure out
flask approximately 20 cm? of a solution
measurin : :
£ 9 can be used to mix two solutions
cylinder
can be used to make up 500cm?
burette :
of a solution accurately
Beeiar usgd ’Fo change a vapour back to
a liquid
can be used to measure out
condenser

18.5cm’ of a liquid accurately

4 Draw a flow diagram to show how you
can separate a mixture of coloured dyes by
chromatography.

5 Use ideas about particles to explain why:
(a) a balloon gets bigger when you blow into it
(b) solids have a fixed shape

(c) you can't squeeze a sealed syringe full of
water.

4

1 Which one of these pieces of apparatus is
best used for measuring out 13.5cm? of acid
accurately?

A |

3
1
1
1
b
3
:
:

A B

(Paper 1)

PRACTICE QUESTIONS

2 Which one of these methods is used to
separate a mixture of liquids?

A filtration B crystallisation

C evaporation D distillation

(Paper 1)
3 A crystal of a water-soluble red dye was placed
in a beaker of water.

(a) Describe what you would see (i) after
10 minutes (ii) after several days. [2]

(b) Describe the arrangement and motion of
the particles in:

(i) thecrystal 2]

(ii) the water. 2]
(c) Describe how to get dry crystals of the

dye from a solution of the dye in water. [3/
(Paper 3)

4 (a) Name the change of state from:
(i) solid to liquid
(ii) liquid to gas
(iii) gas to liquid. [3]
(b) Which two of these changes of state occur

when energy is absorbed? Explain your
answer using ideas about forces between

particles. 2]
(c) Describe the arrangement and motion of

the particles in a gas. 2]
(Paper 3)

5 Chromatography can be used to separate a
mixture of coloured dyes.
(a) Draw a diagram to show the apparatus
used to carry out chromatography. 3]
(b) Three different mixtures of dyes A, B
and C were spotted onto a piece of
chromatography paper.
Two pure dyes, D and E, were also spotted
onto the same piece of paper.




(i) Where was dye A placed at the start

of the experiment? [1]
(i) Which mixture contained the greatest

number of different dyes? (1]
(iii) Which dye contains both the pure

dyes D and E? [1]
(iv) Which dye mixture contains neither

dye D nor dye E? [1]

(Paper 3)

6 A student set up the apparatus shown below.

Cotton wool soaked with
hydrochloric acid

Cotton wool soaked
with methylamine
| Glass tube

——'m

Methylamine and hydrochloric acid give off
vapours which react with each other to form a
white ring at point S in the tube.

(a) Use ideas about moving particles to explain:

(i) the process of evaporation from the
cotton wool [2]

(ii) how the particles of methylamine and
hydrogen chloride move along the

tube. [2]
(b) Explain the position of the white ring, S, in
the tube. [2]

(c) An ammonia molecule has about half
the mass of a methylamine molecule, If
ammonia was used in this experiment in
place of methylamine, predict:

(i) the position of the white ring [1]
(ii) why the white ring would be in this
position. 2]
(Paper 4)

7 Chromatography was used to separate a
mixture of amino acids using ethanol as a
solvent. The result is shown in the diagram
below.

Solvent front

Origin line

(a) How many different amino acids were
there in the mixture? [1]

(b) Copy the diagram and mark with an "M’
the amino acid which is the most soluble

in ethanol. [1]
(c) Calculate the R, value of the amino acid
‘M’ using the diagram shown. (1]

(d) Some amino acids are not easily separated
by paper chromatography using ethanal.
Suggest how you could separate these
amino acids. [1]

(e) Amino acids are colourless compounds.
Describe how the spots of the amino acids
can be made visible. [2]

(Paper 4)
8 Tiny particles of graphite suspended in water
show random irregular movement.
(a) Name this type of movement. {1]
(b) Explain, using the kinetic particle theory,
the reason for this random movement. [5]
(Paper 4)

9 The diagram shows a porous pot, which
allows the passage of gases through tiny holes
in the wall.

(a) Describe how this apparatus can be
used to show that hydrogen has a lower
molecular mass than carbon dioxide. (3]

(b) Explain your answer to part (a) using the
kinetic particle theory. (5]
Hydrogen

Porous pot-

Coloured
water

(Paper 4)




2 Atoms, elements and compounds

Every substance in our world is made up of atoms. An atom is the
smallest uncharged particle that can take part in a chemical change.

« State the relative mass and Yet even atoms themselves are made up of still smaller particles called
charge of a proton, neutron subatomic particles.
and electron At the centre of an atom is a tiny nucleus. The nucleus is made up

* Define proton number and of protons and neutrons. The general name given to protons and
nucleon number neutrons is nucleons — because they are found in the nucleus. The

* Use proton number and the number of protons plus neutrons in the nucleus of an atom is called
simple structure of atoms the nucleon number or mass number.

to explain the basis of the
Periodic Table with reference
to the elements of proton
number 1 to 20

Outside the nucleus, the electrons whizz around in areas which are
called electron shells or energy levels. The shells are a certain
distance from the nucleus. There can be several electron shells further
and further away from the nucleus. Each of these can hold a certain
number of electrons.

Electrons orbit

Electron the nudeus
Proton A

Neutron

Nucleus
The nucleus contains
protons and neutrons

Two different pictures of an atom. We can draw different models of the
atom but it is always difficult to show the position of the electrons.

The three subatomic particles have different charges and properties.
These are shown in the table.

subatomic . .

Dartdelc symbol | relative mass | relative charge

proton p 1 +1

neutron n 1 no charge
DID YOU KNOW?

electron e 0.00054 -1
If an atom were the size of a
lake 100 metres in diameter, You can see that nearly all the mass of the atom is in the nucleus:
the nucleus W:OU[d be the size electrons weigh hardly anything. The protons have a positive (+)
of a large grain of sand. And charge and the electrons have a negative (-} charge. An atom has no
nearly all the mass of the atom overall charge as it is electrically neutral. This is because the number
is in the nucleus! J of positive protons is equal to the number of negative electrons.




The importance of proton number

The number of protons in the nucleus of an atom is called the
proton number or atomic number. Every atom of the same
element has the same number of protons. Hydrogen has one proton
in its nucleus, so its proton number or atomic number is 1. Sodium
has 11 protons, so its proton number is 11. In the Periodic Table of
elements, the elements are arranged in order of their proton number.

1 |
H He
3 4 5 6 7 IE 5 10
Li Be B (& N 0} F | Ne
= —
T 12 137 14 S 16 [T17 RIS
Na | Mg ALl si Pl s [l A

2 | In the Pericdic Table the elements are arranged in order of their
proton {atomic) numbers

You read the Periodic Table like a book, line by line starting from the
top left. Notice that the proton numbers are put above the symbol
for each element. The chemical properties of the elements depend on
the electrons. But the number of electrons in an atom is the same as
the number of protons. That is why the proton number is important.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

electrons equal neutrons no
nucleons positive protons shells

The nucleus of an atom contains and The general
name for protons and neutrons is Protons have a
charge but neutrons have charge. Outside the nucleus
are the , which are negatively charged. The electrons are
arranged in or energy levels. The number of protons in
an atom is to the number of electrons.

2 An atom of the element neon has 10 protons and 11
neutrons. How many nucleons does it contain?

3 By referring to subatomic particles, explain why an atom of

nitrogen is electrically neutral.

_

STUDY TIP

You will always be

gLVen a Periodie Table tn
PApErs 1-4. You can uee
Your Peviodic Table o find
out the nuumber of protons
L a'm, atowa., You can alsp
use it to caleulate the
nimber of neutrome (see

Topic 2.2).

~

1 The subatomic particles in
atoms are protons, neutrons
and electrons.

2 A proton has a positive
charge, an electron has
a negative charge and a
neutron has no charge. The
protons and neutrons make
up the vast majority of the
mass of an atom.

3 Atoms are neutral because
the number of positive
protons equals the number of
negative electrons.

4 Atoms are arranged in the
Periodic Table in order of their

proton number. /




¢ Define isotope

* State the two types of isotopes
as being radioactive and
non-radicactive

* State one medical and one
industrial use of isotopes

* Understand that isotopes
have the same properties

g because they have the same

number of electrons in their

outer shell

STUDY TIP

You do wot need tp

Rinow the details about

mdioactivitg or about

O-, B- or Y-radiation. Dot
try to remenmber Lote of
uses for raol loisotopes —
Just remeniber one medical

and one industrigl wse.

How many neutrons?

Every element has its own proton number: it has a particular number

of protons. The number of neutrons plus protons in the nucleus is the
nucleon number or mass number. We show the nucleon number

and proton number of an atom like this:

Nucleon number
‘\‘

23

11
Proton number//Y

We can use the nucleon number and proton number to work out the
number of neutrons in an atom:

Na <«—— Element symbol

Number of neutrons = nucleon number — proton number or
Number of neutrons = mass number — atomic number
For example: sodium has 23 nucleons and 11 protons.

So the number of neutrons in a sodium atom is 23 — 11 = 12 neutrons.

What are isotopes?

Atoms of the same element always have the same proton number,
However, in many elements some of the atoms have different numbers
of neutrons than others. Atoms of the same element which have

the same proton number, but a different nucleon number are called
isotopes. For example, there are three isotopes of hydrogen:

Electron_ Neutron
e e]
Praton
Hydrogen atoms Deuterium atoms Tritium atoms
have 1 proton have 1 proton have 1 proton
and 1 neutron and 2 neutrons

_ The three isotopes of hydrogen

Many elements are mixtures of isotopes. For example, in naturally
occurring chlorine molecules about % of the atoms have 18 neutrons
and about ' have 20 neutrans.

37

. 25 :
isotope ]?Cl 1?C[

number of neutrons 18 20

percentage of ﬂ:us ISOtOF!E in 75.5% | 24.5%
naturally occurring chlorine




Supplement

Isotopes are properly erttfi’n showmg_’the number of pro.tor?s and DID YOU KNOW?
nucleons. However, you will often see isotopes written with just the

number of nucleons following the name of the element, for example, The thickness of paper
chlorine-35. Different isotopes of the same element have the same can be controlled during
chemical properties but may have slightly different physical properties. its manufacture using a

radioisotope. The paper passes
between the radioactive source
and a Geiger counter. The

Some isotopes such as hydrogen-3 (tritium) are radioactive, others
such as chlorine-35 are non-radioactive.

If an isotope is radioactive, its nucleus is unstable and so it breaks Geiger counter is connected

down over a period of time (it decays). As it decays, the nudleus gives to a system which controls the
out tiny particles or rays. We call these isotopes radioisotopes. pressure on the rollers which

The radiation given out by radioisotopes can be harmful. It can kill [od e papet /

cells in your body.

The number of electrons in the outer shell of an element determines
its chemical properties (see Topic 2.3). The chemical properties

of isotopes are the same because they have the same number of
electrons in their outer shell. However, some physical properties of
isotopes such as density may be slightly different.

Uses of isotopes

Although radioisotopes can be harmful, they have many uses in
medicine, industry and for military purposes. They can also be used
to date ancient remains. In addition, some isotopes are useful in the
home and workplace. For example, the radioisotope americium-241

is used in smoke detectors. A patient being injected with a radioisotope
to locate a possible tumour

One of the most important medical uses of radioisotopes is in cancer
treatment. The radiation given out by the radioisotope is used to kill
cancer cells. The radiation has to be controlled carefully so that it hits
only the cancer cells and not the healthy cells around the tumour.

An isotope of cobalt is often used for this. Other medical uses include
treatment of overactive thyroid glands and locating tumours in the
body. Radioisotopes are also used to sterilise medical equipment.

There are many industrial uses for radioisotopes. They can be used
to check for leaks in oil and gas pipelines: a radioisotope is added to
the oil or gas in the pipeline and a radiation detector called a Geiger
counter will give a higher reading over the area of the leak. 1 The number of neutrons in an

atom is the nucleon number
SUMMARY QUESTIONS minus the proton number.
2 lIsotopes are atoms with the
same number of protons

1 Copy and complete using the words below:

different element industrial isotopes but different numbers of
nucleon neutrons neutrons.

The number of an atom is the total number of 3 Isotopes can be radioactive or
and protons present. Atoms of an with numbers non-radioactive.

of neutrons are called Radioisotopes have many

different medical and LSEs., 4 '50{0995 have the_ SAME
D chemical properties because
2 What do you understand by the term radioisotope? they have the same number of

electrons in their outer shell.

yuawajddng

3 State the number of neutrons in each of these isotopes:
14 58

235
=1l b C c fe




¢ Describe the build up of
electrons in shells

* Explain the significance of
the noble gas electronic
structures and of the outer
shell electrons j

Nudeus

34

A Flectron shells

_ It is difficult to show where

the electrons are. So we
use a model like this one
to help us.

We know about the electron arrangement
in atoms thanks to the work of the Danish
physicist Niels Bohr

DID YOU KNOW?

The colours of fireworks are
caused by the movement of
electrons between different
electron shells.

Electron shells

Electrons move so rapidly that we cannot tell where they are at

any point in time. So we have to make a simple model which fits

the experimental evidence. In this model we imagine the electrons
existing somewhere in spherical regions at certain distances from the
nucleus, It is difficult to draw spheres one inside another so we draw
the electrons as if they exist in circular orbits around the nucleus.
These orbits are called shells or energy levels.

The first shell is nearest to the nucleus and can hold a maximum of two
electrons. The next shell out can hold a maximum of eight electrons.
When the third shell has eight electrons, the fourth shell starts filling up.

The arrangement of the electrons in shells is called the electronic
structure or electron configuration. In a sodium atom, there are
two electrons in the first shell, eight electrons in the second and one in
the third (see Figure 2.3.1). We have a shorthand way of writing this:

We write the electron configuration of sodium as 2,8,1.

Arranging the electrons

The horizontal rows in the Periodic Table are called periods. As we
move across a period, each element has one more electron to fit into
its outer shell. The electrons fill up the shells one by one, starting
from the shell nearest to the nucleus. When one shell is full, the
electrons go into the next shell out from the nucleus.

Hydrogen has one electron. This electron is in its first shell. Helium has
two electrons, so these electrons are also in its first shell. Lithium has
three electrons. Two of lithium’s electrons are in its first shell; the third
goes into the second shell because the first shell can hold only two
electrons. In this way the electrons are ‘put into their shells’. Figure 2.3.2
shows the electronic structures and electronic configurations of the first
20 elements.

A vertical column in the Periodic Table is called a group. You can

see that the atoms of elements in the same group have the same
number of electrons in their outer shell. These are called the valency
electrons or outer shell electrons.

The chemical properties of an element depend on its number of
valence electrons. This is why elements within some groups of the
Periodic Table have similar chemical properties. You can also see that
the number of electrons in the outer shell is the same as the group
number. So atoms of Group | elements all have one electron in their
outer shells, atoms of Group Il elements have two and so on.

The noble gas structure

When compounds are formed by combining elements, the electrons
in the outer shell are transferred or shared. Group 0 elements,
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The electronic structure of the first 20 elements
the noble gases, have a full outer shell of electrons. This type of STUDY TIP

electronic structure is very stable - the atoms cannot gain or lose

electrons very easily. This stability of a full outer shell of electrons

makes the noble gases very unreactive. They do not combine with
other elements to form compounds.

When atoms of other elements combine, the compounds formed
have the noble gas structure of full electron shells around each atom.

SUMMARY QUESTIONS

1 Copy and complete using the words below:
levels maximum shells two valency
or energy

eight
The electrons in an atom are arranged in
around the nucleus. A maximum of electrons can

fit into the first shell and a of electrons can fit
into the second shell. The outer shell electrons are called the
~ electrons.

2 How many electrons do atoms of each of the following have in
their outer shell?

a Group VI elements b Group Il elements

¢ Group 0 elements

3 Write the electronic structure in shorthand form for the
following elements:

a carbon b potassium ¢ chlorine d aluminium/

Make sure that You can
draw the electiomic structure
of the first 20 elencents i,
rngs containing electrons,
Tﬁele!.ectrowic structure of
sodiwm, for exa mple, is
2 1.

1 Electrons in atoms are

arranged in shells or energy

levels.

The number of outer

shell electrons in an atom
determines the chemical
properties of that element.

Atoms of elements in the
same group in the Periodic

Table have the same number

of outer shell electrons.

4




* Describe the differences

between elements,

compounds and mixtures

o
%

Chlorine

Carbon

elements

_ The structures of some

Bromine is an element. It has only one type
of atom.

Elements

Every substance around us is made up of atoms. There are just over
100 different types of atom. A substance made up of only one type
of atom is called an element. Elements cannot be broken down into
anything simpler by chemical reactions.

Each element is given a symbol. For example, fluorine has the

symbol F and the symbol for zinc is Zn (see Topic 4.1). Elements have

particular properties which distinguish them from other elements. For
example, silver is a shiny solid, chlorine is a green gas and bromine is

a reddish-brown liquid.

The atoms of elements generally combine to form molecules or giant
structures of atoms (see Topic 3.5). They rarely exist on their own.
The link joining the atoms is called a chemical bond.

Compounds

The atoms of different elements can join together to form
compounds. A compound is a substance made up of two or more
different types of atom joined together by chemical bonds.
Millions of compounds are known to us and many new ones are
being discovered as you are reading this!

A compound always has a fixed amount of each element in it.
Water always has two hydrogen atoms for every one oxygen atom.
Copper(Il) oxide always contains 80% copper and 20% oxygen by
mass. There are two types of compound:

* molecular compounds where atoms are bonded together. Water is
an example,

* ionic compounds where many ions (charged atoms) are joined
together. Far example, sodium chloride or ‘salt’.

A 0 Oxygen

Water () Hydrogen

Sodium chloride

_ Water is a molecular compound of hydrogen and oxygen. Salt is an

ionic compound of sadium and chloride ions.

Compounds have very different properties from the elements from
which they are made. For example, a compound of sodium and chlorine
looks completely different from the elements chlorine and sodium.

The elements in a compound cannot be separated by physical means,
although it might be possible to separate them by chemical means.



/ DEMONSTRATION

Making sodium chloride from its elements

—— Metal cover ——
— il & e —
; _ =
Gas jar of
hlori
crerme 9| L - Sodium
chloride
Freshly cut ‘
sodium metal <57 Sodium bumns
/ T 1 in chlorine
/ = special spoon for burning o) \
| )

Burning sodium in chlorine

Sodium is a reactive, silvery metal. Chlorine is a poisonous green
gas. The sodium is melted on a special spoon and placed in a
gas jar of chlorine. The sodium burns in the chlorine. A white
powder is left on the side of the gas jar. This is sodium chloride -

Mixtures

A mixture contains two or more elements or compounds that are
not chemically bonded together. A mixture does not have a fixed
amount of each element or compound in it. For example, a mixture
of iron and sulfur could contain various amounts of iron and sulfur.
Since they are not bonded together, the elements or compounds in
a mixture still have their characteristic properties.

We can separate the substances in a mixture by one of the physical
methods described in Topics 1.8 and 1.9. For example, we can
separate a mixture of sand and salt by dissolving the salt in water,
filtering off the sand then evaporating the water to leave salt.

SUMMARY QUESTIONS

a white solid that we can put on our food! /

1 Copy and complete using the words below:
atoms bonds compound ions

When two or more join together, a is formed. The
atoms or in a compound are held together by

2 Make a list of the differences between a compound and
a mixture.

3 Some grey iron powder was heated in reddish-brown
bromine vapour. A yellowish-green powder was formed.
Is the yellowish-green powder an element, a compound or a
mixture? Explain your answer.

STUDY TiP

You should Leayn, the
definitions of elements,
Compounds g
mixtures.

‘ .

DID YOU KNOW?

Not all elements are found
naturally. Some are made
artificially and can exist only for
a fraction of a second. An atom
of rutherfordium-260 exists
only for 0.3 seconds before

breaking down. /

1 Elements contain only one
type of atom.

2 A compound is a substance
containing two or more
different types of atoms
bonded together.

3 Mixtures do not have a fixed
composition. The substances
in a mixture can be separated
by physical means. /




* Describe the differences
between metals and
non-metals

Elements can be metallic or non-metallic.
Can you tell which are metals and which are
non-metals?

STUDY TiP

Whew stating the
difference between,
awetal and a non -
metal it s best tp
select conduetivity,
maLLeabELitH or duwetilit
as properties. These have
[EWer exceptions to the
general rules.

‘\4{

Metals and non-metals

Most of the elements in the Periodic Table are metals, for example
iron, sodium, tin and aluminium are metals. The rest are non-metals.
Carbon, sulfur, chlorine and helium are non-metals. Although metals
have many properties in common, there is a wide variation in these
properties. Non-metals usually have the opposite properties to metals,
hut there is an even wider variation in their properties.

The best way to tell if a substance is a metal or a non-metal is to look
at some of its physical properties. Physical properties are those
such as density, melting point and electrical conductivity.

PRACTICAL

Comparing electrical conductivity

Cells

Ammeter

Cracodile dip @
A
| E—=
Test substance Light bulb

_ Comparing the electrical conductivity of solids

1 Set up the circuit with a known substance between the
crocodile clips and see if the bulb lights. If it does, the
substance is an electrical conductor.

2 Repeat the experiment with different metals and non-metals. /

Many physical properties do not change however much substance

you use. For example, the density and melting point are the same

however much substance you use. In chemistry, the density of a

substance is measured in grams per centimetre cubed (g/cm?):
mass {in g)

volume {in cm?)

density (in g/cm®) =

The table opposite shows the six best physical differences between a
metal and non-metal. There are some exceptions, but not too many.

There are also some physical properties that are less useful for telling
the difference between metals and non-metals:

* Many metals have high densities. Exceptions: Group | metals and
some others like gallium have low densities.
* Most non-metals have low densities.

* Many metals have high melting and boiling points. Exceptions:
Group | metals and mercury have low melting and boiling points.

* Many non-metals have low melting and boiling points. Exceptions:
carbon and silicon.



« Many metals are hard (they cannot be scratched easily) and strong.
Exceptions: Group | metals, mercury, gallium.

* Many non-metals are soft and can be scratched easily.
Exception: diamond.

shape with a hammer

physical property metal non-metal

conductor of electricity conducts does not conduct (exception: graphite)
conductor of heat conducts does not conduct (exception: graphite)
malleable — can be beaten into a different malleable not malleable. Non-metals are brittle: they

break easily when hit

ductile — can be drawn out into wires ductile

not ductile. Non-metals are brittle: they
break easily when a pulling force is applied

lustrous — has a shiny surface when polished | lustrous

dull surface (exceptions: graphite and iodine
have shiny surfaces)

sonorous

sonorous — makes a ringing sound when hit not sonorous. Non-metals make a dull
with a hard object sound when hit with a hard object

We can also use some chemical properties to tell the difference
between metals and non-metals. Chemical properties are to do with
chemical reactions and eneragy changes during the reactions. Here are
some differences:

* Many metal oxides are basic.

* Many non-metal oxides are acidic.

* Many metals react with acids to give off hydrogen gas.
* Most non-metals do not react with acids.
* When they react, metals form positive ions by losing electrons.

* When they react with metals, non-metals form negative ions by
gaining electrons. (Exception: hydrogen can form positive ions.)

The last two of these points are the best chemical distinction between
a metal and a non-metal (see Topic 3.1).

SUMMARY QUESTIONS

1 Copy and complete using the words below:
conductors ductile graphite heat low opposite

Metals are good of electricity and and are
malleable and . Non-metals usually have properties

to those of metals. There are some exceptions. is
a non-metal that conducts electricity. Mercury is a metal that
has a boiling point.

2 State the names of:
a two metals that are soft
b a non-metal that conducts electricity.

3 List four physical properties that help you to tell the difference

between a metal and a non-metal. /

Alloys are mixtures of metals
with other metals or non-
metals. Early civilisations in
the Middle East made alloys of
copper and tin (bronze) over

5000 years ago. _/

1 Metals are good conductors
of electricity and heat, and
are malleable and ductile.

2 Non-metals are poor
conductors of electricity and
heat, and are brittle.

3 Common exceptions: graphite
is a non-metal that conducts
electricity; most metals have
high melting and boiling
points, but the Group | metals
and mercury have low melting
and boiling points. /




SUMMARY QUESTIONS

1 For each of the following sub-atomic particles
describe (i) its position in the atom (ii) its
relative mass and (iii) its charge:

(a) proton
(b) neutron
(c) electron
2 Copy and complete the table to show the

number of protons, neutrons and electrons in
the isotopes shown.

atom | number of | number of | number of
protons neutrons | electrons

1;0

“oPb

H

]

3 Give definitions of the following terms:
(a) nucleon number (b) isotopes
(c) mixture (d) compound

4 Draw a diagram of a boron atom to show the
correct number and positions of the electrons,

protons and neutrons. Use the Periodic Table
to help you.

5 Match each word on the left with the correct
description on the right.

a substance containing two

isotopes or more different elements
chemically bonded together
atoms of the same element with
element :
different numbers of neutrons
compound a positively charged particle in
the nucleus
a substance containing only one
proton
type of atom

6 Copy each of the following physical properties
then write 'metal’ or 'non-metal’ after each
one.

(a) conducts heat

(b) is brittle

(c) is an insulator

(d) has a dull surface

(e) gives a ringing sound when hit

(f) conducts electricity /

PRACTICE QUESTIONS

1

Wh1iéch one of these statements about an atom
of Cis correct?

A It has 14 electrons and 6 protons.

B It has 8 protons and 6 neutrons.

C It has 6 electrons and 8 neutrons.

D It has 6 protons and 14 neutrons.

(Paper 1)

Which one of the following statements is

true?

A All metals make a dull sound when hit.

B All non-metals are ductile.

C Mercury is a solid at room temperature.

D Graphite is a non-metal that conducts
electricity.

(Paper 1)

Which ane of the following statements about

isotopes are true?

A The isotope :H has the same number of
neutrons as the isotope [H.

B The isctope :H has differeznt chemical
properties to the isotope ,H.

C An isotope of hydrogen H has only one
neutron.

D The isotope ;H has the same chemical
properties as the isotope (H.

(Paper 2)

4 Chlorine has two isotopes, TEC] and ?;Cl.

(a) What do you understand by the term
isotope? {1}

(b) Write down the number of neutrons in
each of these isotopes of chlorine. [2]

(c) Draw and label a diagram of an atom of
chlorine to show:

— the nucleus

— the electron shells, with the correct
number of electrons in each shell. [3]

(d) A chloride ion has eight electrons in its
outer shell. What is the importance of this
electronic configuration? [1]

(Paper 3)



5 Iron is a grey magnetic metal that reacts with
hydrochloric acid to produce hydrogen. Sulfur
is a yellow non-metal that does not react with
acids.

Iron(Il) sulfide is a brownish-black compound.
It is a solid that is not magnetic when pure.

It reacts with hydrochloric acid to produce
smelly hydrogen sulfide gas.

(a) What do you understand by the term

compound? [1]

(b) Describe two differences between
a mixture of iron and sulfur and a

compound of iron and sulfur. [4]

(c) (i) Give the electronic configuration of

sulfur. [1]
(ii) How does this electronic configuration

show that sulfur is in Group VI of the

Periodic Table? [1]

(iii) What determines the position of an

element in the Periodic Table? [1]

(d) State three differences between the
properties of iron and sulfur that have not
been described in this queston.

(Paper 3) [6]

6 Isotopes can he classed as radioactive or
non-radioactive.

(a) What do you understand by the term

radioactive? [1]

(b) (i) State one medical use of a radioactive

isotope. [1]

(ii) State one industrial use of a

radioactive isotope. [1]

p 2 A A r
(c) Deuterium, ;H, is 2 non-radioactive
isotope.

(i) Draw a diagram to show the complete

atomic structure of deuterium. Label

your diagram. 4]

(ii) How does an atom of deuterium
differ from a normal hydrogen atom?

[1]

(Paper 3)

7 Sodium is a soft, shiny metal with a low

melting point.

Chlorine is a poisonous green gas.

Sodium reacts with chlorine to form sodium
chloride, a white, crystalline solid with a high
melting point.

(a) (i) Describe three properties shown by
most metals. [3]

(ii) Describe two properties of sodium
that make it an unusual metal. (2]
(b) Give two reasons why chlorine is classed as
a non-metal. [2]
(c) Use the information above to explain why
sodium chloride is a compound of sodium
and chlorine rather than a mixture of

sodium and chlarine. (2]
(d) State the electronic configuration of:

(i) asodium atom [1]

(ii) a chlorine atom. [1]
(Paper 3)

8 The electronic structure of the atoms of five

elements, A, B, C, D and E, are shown below:
A 282 B 286 C 2,1
D 2.8 E 26

(a) Which one of these elements is in
Group |l of the Periodic Table? Give a

reason for your answer. {1]
(b) Which two of these elements are in the

same group in the Periodic Table? [1]
(c) Which one of these elements has the

highest proton number? (1]

(d) Element E is oxygen. An isotope of oxygen
has eight neutrons.

(i) What do you understand by the term

isotope? [1]
(ii) State the nucleon number of this
isotope of oxygen. [1]

(e) Element C is lithium. Lithium is a metal.
Describe three differences between the
physical properties of lithium and oxygen.

[3]
(Paper 3)



3 Structure and bonding

* Describe the formation of
ions by electron loss or gain

* Describe the formation of
ionic bonds between elements
from Groups | and VII

* Describe the formation of
ionic bonds between metallic
and non-metallic elements

Supplement

These crystals of sodium chloride are made
up of millions of ions

DID YOU KNOW?

In just one gram of
salt there are about
10000000000000000000000
ions of sodium and the same
number of chloride ions.

STUDY TIp

Whein dmwing the
Ftectrowic structure for an,
Lon, make sure that the
charge of the ion is showm

A the top right hand! copmer
Just outside the square

brackets. Do NOT put the

charge in the nucleus.

|,

How are ions formed?

Anion is an electrically charged particle. lons are formed when atoms
lose or gain one or more electrons. We saw in Topic 2.3 that an atom
with a full outer shell of electrons is stable and unreactive - it has the
noble gas structure. Most atoms do not have a full outer shell of electrons
so tend to react. One way of gaining a full outer shell of electrons is by
completely transferring outer shell electrons from one atom to another.
The diagram shows how this is done in sodium chloride.

A sodium ion and a chloride ion are formed by the transfer of an
electron from a sodium atom to a chlorine atom

You will notice that in the diagrams above the electrons have been
paired up. There are four pairs of electrons in a shell of eight
electrons. Pairing up the electrons like this helps to keep track of
what happens when bonds are formed.

The sodium ion has one positive charge because it has 11 protons (+) in
its nucleus but only 10 electrons (). The chloride ion has one negative
charge because it has 17 protons in its nucleus and 18 electrons.

The charge on the ion is written at the top right-hand side. Square
brackets are used to show that the charge on the ion is spread evenly all
over the ion. This sort of diagram is called a dot-and-cross diagram.
This does not mean that the electron transferred is any different from the
others. It shows where the electrons have come from. It is just a record-
keeping exercise.

We can write similar dot-and-cross diagrams for compounds of other
Group | and Group VIl elements.

Forming a stable structure

Look again at Figure 3.1.1. You will notice that the electron is
transferred from a metal atom to a non-metal atom. This is always
true when ions are formed. You will also notice that the outer shells of
both atoms have become complete. The sodium ion has the electronic
structure [2,8]" and the chloride ion has the structure [2,8,8]". So both
ions have a complete outer shell and have the noble gas structure of
eight outer electrons.

The sodium ion has the same electronic structure as neon and the
chloride ion has the same electronic structure as argon. The noble



Supplement

gas structure makes the ions stable. This full outer shell of 8 electrons
is often called a stable octet of electrons. Remember, however, that
the first electron shell has a maximum of two electrons, so the stable
electronic structure for a lithium ion will be [2]*.

The attraction between the positive ions and the negative ions is the
ionic bond.

lons with multiple charges

We can draw dot-and-cross diagrams to show the electron transfer
in more complex cases. When we draw dot-and-cross diagrams we
usually only show the outer shells because these are the ones that
take part in the reaction.

This diagram shows how the ionic structure for magnesium oxide
is obtained.

e

T ( R
. Mg r:I ( 0 8 =—>
N LA St

18,2 2,6

2+ 2

-
L/

[2.8]1%

Mg

;2‘8I£~_

MgO

re 3.1.2 | The formation of magnesium oxide

A magnesium atom has two electrons in its outer shell. An oxygen
atom has six electrons in its outer shell. The two magnesium electrons
are transferred to the oxygen atom to complete its outer shell.

By doing so, both the magnesium and oxide ions have an electronic
structure which is the same as the noble gas neon. So a stable
electronic structure has been formed.

Drawing the ionic structure for calcium chloride needs a little more
thought: the calcium atom has two electrons in its outer shell but
each chlorine atom needs only one of these to get a stable octet of
electrons. So two chlorine atoms are needed in the reaction. Each of
these gains one electron.

1 When elements in Group |
and VIl react, the atom of
the Group | element loses the
electron from its outer shell.
This can be transferred to the
outer shell of the atom of a
Group VIl element.

2 lons have the noble gas
electronic structure with a
complete outer shell of eight
electrons (or two for lithium).

3 Dot-and-cross diagrams
can be drawn to show the
electronic structure of ions.

4 The attraction between
oppositely charged ions is
called ionic bonding.

£ 7Y
t d /3
/ <\ M
" 2,87 Cs (2,8.8]
\ /// \8 é/reeﬁ\_x
a 3
2.8.8, 2 \%/ [2,88% \\\\ //
2,8,?;' l;?:g]
cacl,

1 Copy and complete using the
words below:

chlorine electron
complete ions noble
outer transferred

When sodium reacts with

chlorine the from

the shell of sadium

is to the outer shell

of the atom. Sodium

and chloride are

formed, which both have

the electronic structure of a
__gaswith a outer

shell of electrons.

2 Write the electronic structure in
numbers for the following ions:

a Mgz+
b Na*
c B

4

SUMMARY QUESTIONS

ure 3.1.3 ] The formation of calcium chloride

3 Draw dot-and-cross diagrams
to show the electronic
structure of the ions in:

a calcium oxide

b aluminium chloride
c potassium fluoride.

Juawajddng



* Describe the formation of
single covalent bonds in H,,
Cl,, H,0, CH,, NH, and HCl
as the sharing of electrons
leading to the noble gas

configuration /

STUDY TiP

Whew drawing dot-and-
eross diagrams remenber
to pair up the bonding
electrons in the pve

Area between the atoms,
Dot put themt outside the

avea where the atoms joim.
|

d

DID YOU KNOW?
In 1704, the English scientist

Sir Isaac Newton suggested that
the particles of matter were
fixed together by forces.

How are covalent bonds formed?

In the formation of ions when a metal and non-metal react together,
the electrons are transferred from the outer electron shell of the metal
to the outer shell of the non-metal. When two non-metal atoms react
they share a pair of electrons. This is called covalent bonding. In a
hydrogen molecule both hydrogen atoms share one electron with
each other to form a pair. This pair of shared electrons is a single
covalent bond.

A shared pair of electrons gives

. both atoms a stable arrangement
@ ® — G@» and forms a cavalent bond

Hydrogen atoms Hydrogen molecule
fi

— Atoms of hydrogen share electrons to form a single covalent bond

The electronic structure of simple molecules

We can draw the electronic structure of simple molecules containing
a single covalent bond by pairing up the electrons in a similar way.
In each case we aim to pair up the electrons from each atom so
that there is a stable octet of eight electrons around each atom.
Remember though that hydrogen atoms will be stable with two
electrons around them. Because it is only the outer shell electrons
that are involved in bonding, we do not generally worry about
drawing the inner shells of electrons.

When two atoms form covalent bonds we use a dot for the
electrons from one of the atoms and a cross for the electrons from
the other as we did in dot-and-cross diagrams of ionic bonding.
This is simply so we can see where the electrons have come from.
You will see from the examples below that not all the electrons are
used in bonding. The pairs of electrons that are not used in bonding
are called lone pairs.

A chlorine molecule: the two chlorine atoms overlap and share a pair
of electrons (one electron from each atom) in the covalent bond.
Each atom now has eight electrons in its outer shell so has a stable
electronic structure,
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RORED

A hydrogen chloride molecule: hydrogen has one electron in its outer
shell and chlorine has seven, One pair of electrons is shared, giving the
hydragen two electrons in its outer shell and chlerine eight.

| Water (H,Q): each
hydrogen atom shares
a pair of electrons.
Each can form one
bond. Oxygen has six
electrons in its outer
shell so can form two
bonds with hydrogen
atoms. We can show
a single covalent bond
by a line.

o An ammonia molecule

Methane (CH,): each
hydrogen atom shares a
pair of electrons. Each can
form one bond. Carbon
has four electrons in its
outer shell so can form
four bonds with hydrogen
atoms.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

electrons line non-metal single

Covalent bonds are formed when atoms combine. A

covalent bond is a pair of shared between two
atoms. A single covalent bond is shown by a single
between the atoms.

2 Draw dot-and-cross diagrams for the following molecules. -
Show only the electrons in the outer shells.
a A fluorine molecule (Fluorine is in the same group of the 1 A covalent bond is formed

Periodic Table as chlorine.)
b A hydrogen bromide molecule (Bromine is in the same

when atoms share a pair of

o _ electrons.
group of the Periodic Table as chlorine.) _
¢ A hydrogen sulfide molecule (Sulfur is in the same group 2 When atoms combine to
of the Periodic Table as oxygen.) form covalent bonds each

atom has eight electrons
in its outer shell, except for
hydrogen which has two.

3 How many bonds are formed when the following atoms
combine?

a Hydrogen and oxygen in water

. _ 3 Asingle covalent bond is
b Hydrogen and chlorine in hydrogen chloride

shown by a line between the
¢ Hydrogen and carbon in methane / atoms. For example, CI—Cl. /




Supplement

* Describe the electron
arrangement in more complex
covalent molecules such as
N,, C,H,, CH,OH and CO,

24

Living things contain thousands of different
maolecules. The atoms in each of these
maolecules are held together by covalent bonds,

DID YOU KNOW?

It was not until 1916 that an
explanation of the covalent
bond was given by the
American chemist Gilbert Lewis.
The modern theory of covalent
bonding suggests that clouds
of electrons from each atom
overlap to form the bond.

The greater the overlap, the
stronger the bond.

_4

0=0

An oxygen molecule

Molecules with three or more types of atoms

Many molecules contain three or more different atoms. For example,
a molecule of methanol has four hydrogen atoms, one carbon atom
and one oxygen atom. In order to draw a dot-and-cross diagram

for more complex molecules it is useful to have some idea of the
structure of the molecules. In methanol we know that a carbon atom
has four electrons in its outer shell. These electrons must pair up
with four others. They cannot pair up with all four hydrogen atoms
otherwise we will have methane! One of the electrons must pair up
with an oxygen atom, so the structure of methanol must be:

|
H—C|—0—H
H

We can now draw a dot-and-cross diagram for methanol. We have
three types of atom. So we need to choose another symbol other
than a dot or a cross for the electrons from the third type of atom.
We could use a circle, a triangle or a square. Using the same ideas as
before, we pair up the electrons so that there are eight electrons in
the outer shell of the carbon and oxygen atoms, and two electrons in
the outer shell of the hydrogen atoms.

+ Electrons fram hydrogen
® [lectrons from carbon
o Electrons from oxygen

A dot-and-cross diagram showing the bonding in a melecule of
methanol

Compounds with double and triple bonds

In order to form a stable octet of electrans, some atoms combine to
form double or triple bonds. A double bond is shown as a double
line. For example, in oxygen the double bond is shown as O=0.

In nitrogen the triple bond is shown as N=N. Some examples are:;

An oxygen molecule: each oxygen atom has six electrons in its outer
shell. Each atom needs to gain two electrons to complete its outer
electron shell. So two pairs of electrons are shared and two covalent
bonds are formed.




A nitrogen molecule: each nitrogen atom has five electrons in its
outer shell. Each atom needs to gain three electrons to complete its
outer electron shell. So three pairs of electrons are shared and three
covalent bonds are formed.

Carbon dioxide: each oxygen atom has six electrons in its outer shell.
Each of these atoms needs to gain two electrons to complete its
outer electron shell. The carbon atom has four electrons in its outer
shell so it needs to gain four electrons to complete its outer shell. So
four electrons (two pairs) are shared between the carbon atom and
the oxygen atoms. The structure of carbon dioxide can therefore be
shown as O=C=0.

Ethene: each hydrogen atom has one electron in its outer shell. Each
of these atoms needs to gain one electron to complete its outer shell.
The two carbon atoms have four electrons in their outer shells so
each needs to gain four electrons. Four bonds are formed between
the hydrogen atoms and the carbon atoms, two with each carbon.
This leaves two electrons free on each carbon atom to share with
each other as a double bond.

" DID YOU KNOW?

VALENCY

We have seen that the outer shell electrons are important in pairing
up electrons in covalent compounds or being involved in electron
transfer in ionic compounds. The valency of an atom can be defined
as the number of electrons lost or gained to form a complete
electron shell in a covalent or ionic compound. So the valency of
metals is the same as the number of electrons in their outer shell.

For example, the valency of magnesium is two. For non-metals the
valency is the number of electrons needed to make a complete outer
shell. So for nitrogen this is three and for oxygen it is two.

It is often said that valency is the combining power of an

atom. For example, hydrogen has a combining power of one
and oxygen has a combining power of two. So in water, two
hydrogen atoms combine with one oxygen atom. /

SUMMARY QUESTIONS

1 Copy and complete using the words below:

nitrogen oxygen three triple two

A double covalent bond is formed when pairs of
electrons are shared between two atoms. A covalent
bond is formed when pairs of electrons are shared
between two atoms. An molecule has a double bond
and a molecule has a triple bond.

2 Draw dot-and-cross diagrams for:

juawaddng

oy

3N A nitrogen molecule

—

a chloroform, CHC, b ethene, CH, ¢ ammonia, NH,. /

STUDY TIP

Whewn, drawing the
electronic styuctiype of
compounds with dowble
and triple bomols, make
sutre that You draw the
atowms Large enough sp
that all the howdiwg
electrons can fit into the
overlap area of the atpme.

1 A double covalent bond is
formed when two pairs of
electrons are shared between
two atoms.

2 A triple covalent bond is
formed when three pairs of
electrons are shared between
two atoms. /




Supplement

¢ Describe the differences
in volatility, solubility and
electrical conductivity
between ionic and covalent
compounds

* Explain the differences in
melting and boiling points
of ionic and covalent
compounds

More about ionic bonding

In ionic bonding the attractive forces between the positive and

negative ions result in the formation of a giant ionic structure. The
ions are regularly arranged in the crystal. This arrangement carries
in three dimensions throughout the crystal. This three-dimensional

on

network is called a crystal lattice (see Figure 3.4.1). The electrostatic

attractive forces between the ions act in all directions and are very

strong. It takes a lot of energy to overcome these forces. This is why

giant ionic structures have high melting points and boiling points.

* Describe the lattice structure

of ionic compounds

Strong ionic bonds
between oppositely
charged ions

— A giant ionic lattice of

sodium and chloride ions

Strong forces within
each molecule

Weak forces
between molecules

&y,
_ The forces between chlorine

molecules are weak, but
within the molecules the
forces {(covalent bonds) are
strong

DID YOU KNOW?

Solid carbon dioxide changes
directly to a gas at —78°C
without forming a liquid. This
is called sublimation. Solid
carbon dioxide ('dry ice’) is used
in theatres and films to create
‘smoke’ or ‘cloud’ effects.

4

More about molecules

The caovalent bonds within molecules are very strong. However,
the forces between the separate molecules are weak. These weak,
attractive forces are called intermolecular forces.

Because the forces between molecules are weak it requires only a

little energy to overcome these forces and get the molecules to move

away from each other. This is why molecular substances have low
melting points and boiling points.

PRACTICAL

Is this compound ionic or covalent?

We can tell if a compound is likely to be ionic or covalent by
testing how easily it melts, its electrical conductivity and its
solubility in water.

Tin lid

Heat

1 Heat a small amount
of the compound.
If it melts easily, it's
probably covalent.

2 Dissolve the compound
inwater. If it dissolves,
it's probably ionic.

3 Test a solution for
electrical conductivity.
If it conducts, it's
probably ionic.

_ Three ways of telling the difference between ionic and covalent
compounds

>

juswa|ddns
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* lonic compounds have high melting and boiling points because of
the strong attractive forces between the ions in the giant ionic lattice.

* Covalent compounds have low melting and boiling points because
the intermolecular attractive forces are weak. There are some
exceptians: giant covalent structures such as silicon dioxide have
very high melting points (see Topic 3.5).

* lonic compounds are soluble in water but insoluble in organic
solvents. They are soluble in water because the water molecules are
ahble to separate the ions from one another and keep the ians in
solution.

* Covalent compounds are insoluble in water, There are some Testing an element for electrical conductivity
exceptions: sugar and some amino acids are water-soluble.

* lonic compounds conduct electricity only when molten or when
dissolved in water. This is because the ions are mobile. A solid ionic
compound does not conduct electricity because the ions are packed
together and are not free to move around (they can vibrate only in
their fixed positions in the lattice).

STUDY Tip
Water P
@@b molecules:l @ % Rémember that

@99  feolen || i cfmerls

o PSR | e
' = are likely to be Lonie,

lonic solid lons are mobile lons are mobile Co mpounds Of
lons can orly vibrate when molten when in solution won -metals with
other wom - wetals gye

3 The ions are free to move and conduct electricity when an ionic
compound is malten or dissolved in water i covalent.

* Covalent compounds do not conduct electricity because they have ‘.
no ions. They only have uncharged molecules. Some covalent

compounds react with water to form ions. Hydrogen chloride reacts
with water to form hydrochloric acid which splits up into ions.
But this is not just dissolving in water — it is reacting.

Supplement

SUMMARY QUESTIONS

1 Make a list of the differences between the structures and 1 In a giant ionic structure the
properties of ionic and covalent compounds. attractive forces between the

ions are very strong.

2 Explain why molten sodium chloride conducts electricity but
solid sodium chloride does not. 2 The attractive forces between

3 Copy and complete the paragraph using these words: molecules are weak.

3 We can tell if a compound

electrostatic energy forces high ionic negative i
is ionic or covalent by

In giant structures the  attractive between testing how easily it melts,
the positive and ions are very strong. lonic compounds its solubility in water and its
have very melting points and boiling points because it electrical conductivity when
takes a lot of to overcome these forces. dissolved in water.

4 4




» Describe the giant covalent
structures of graphite and
diamond

* Relate the structures of
graphite and diamond to
their uses

» Describe the macromolecular
structure of silicon(IV) oxide

* Describe the similarity in
properties between diamond
and silicon(IV) oxide, related
to their structures

Supplement

Diamonds owe their hardness and long-lasting
nature to the way the carbon atoms are
arranged

DID YOU KNOW?
Artificial diamonds for drill

tips are made by heating other
forms of carbon at very high
temperatures and pressures.

Giant covalent structures

Many covalently bonded substances are small molecules. In some
covalent structures, however, there is a network of covalent
bonds throughout the whole structure. We call these structures
giant covalent structures. They are sometimes described as
macromolecules, but this term may give you a misleading
impression of their properties.

Giant covalent structures have a rigid three-dimensional network of
strong covalent bonds throughout the crystal. It takes a lot of energy
to break these bonds. So, unlike simple molecules, giant covalent
structures have very high melting and boiling points. Giant covalent
structures can be elements, such as carbon in the form of graphite
and diamond, or compounds such as silicon(I'V) oxide (silicon dioxide).

Diamond and graphite

Diamond and graphite are two of the several forms of carbon that
exist. Different forms of the same element are called allotropes.

g

Diamond Graphite

Diamond and graphite are both giant covalent structures

In diamond, a carbon atom forms four covalent bonds with other
carbon atoms. The carbon atoms link together to form a giant lattice.
As well as having high melting and boiling points, diamond is very
hard. This means that it can't be scratched easily. That is why diamond
is used for cutting and drilling metals and glass. Diamond forms
colourless glittering crystals. These are much in demand for jewellery,

Graphite is a black shiny solid. Its carbon atoms are arranged in layers.
Each carbon atom is joined to three other carbon atoms. These are
arranged in hexagons — six-sided rings. The strong covalent bonding
within the layers means that a lot of energy is needed to break the
bonds. So the melting and bailing points of graphite are very high.

However, the bonding between the layers in graphite is weak. This
means that the layers can slide over each other if a force is applied.
This is why graphite has a slippery feel and can be easily scratched.
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Because of this weak bonding, the layers of graphite can flake off
easily. That is why graphite is used as a lubricant and in pencil ‘leads’.
An unusual property of graphite is that it conducts electricity.

Why does graphite conduct electricity?

Each carbon atom in graphite is bonded to three other carbon atoms.
But carbon has four valence electrons. So what has happened to

the other valence electron from each carbon atom? The answer is

that these electrons move around along the layers. They are called
delocalised electrons because they do not belong to any particular
atom. Graphite conducts electricity because the delocalised electrons
can drift along the layers when a voltage is applied. Graphite is used

to make carbon electrodes for electrolysis (see Topic 6.1). Diamond
does not conduct electricity because all its valence electrons are used in
bonding — it has no mabile electrons.

Silicon(IV) oxide

Silicon(IV) oxide is found in several forms. Its common name is silicon

dioxide. Sand is largely silicon(IV) oxide. The silicon(IV) oxide found in
quartz has a structure similar to diamond. Each silicon atom is bonded
to four oxygen atoms but each
oxygen atom is bonded to only

Silicon atom —§

Oxygen atom —@
for the formula SiO,. Silicon(TV)

oxide has a similar structure
to diamond. They also have
similar properties. Silicon(IV)

crystals and has a high melting
point and a high boiling point.
This is because it takes a lot

of energy to break the strong
covalent bonds. Silicon(IV)
oxide does not conduct
electricity because it has no
delocalised electrons.

Silicon dioxide (Si05)

% ﬁgukes,iz | The structure of silicon(IV)
oxide

two silicon atoms. This accounts

oxide forms very hard colourless

Supplement

SUMMARY QUESTIONS

1 Copy and complete using the words below:

covalent energy hexagons layered melting weak

Graphite has a structure with the carbon atoms

arranged in The carbon atoms in the layers have strong
bonding. The bonding between the layers is

Graphite has a high point because it takes a lot of

to break the strong covalent bonds.

2 Explain why graphite is used as a lubricant.

STUDY TIp

Whew &xpmiwi.wg why
graphite conducts
eLectri.thg, make suye
that You state that
electrons in the g ers
can move along.
Stating that 4he
electrons move’ suggests
the electrons L the
covalent bonds can nove

through the structure gs
well.

|

1 Diamond and graphite have
giant covalent structures.

3 Explain why graphite conducts electricity but diamond does not.

4 Describe the similarities and differences in the structures of
diamond and silicon dioxide.

because of the delocalised
electrons along its layers.

3 Silicon(IV) oxide has a similar
structure to diamond.

2 Graphite can conduct electricity

juswajddng



* Describe metallic bonding as
a lattice of positive ions in
a 'sea of electrons’ and use
this to describe the electrical
conductivity and malleability
of metals

Supplement

Drawing copper out into wires depends on
being able to make the layers of metal atoms
slide easily over each other

What is metallic bonding?

Metals form a third type of giant structure. The metal atoms are
packed closely together in a regular arrangement. Because they are

so close together, the valence electrons tend to move away from their
atoms. A ‘sea’ of free, delocalised electrons is formed surrounding a
lattice of positively charged metal ions. The positively charged ions are
held together by their strong attraction to the mobhile electrons which
move in between the ions. This is metallic bonding. The electrostatic
attraction between the electrons and the metal ions acts in all directions.

Metal's outer electron

The 'sea’ of delocalised electrons

A metallic structure consists of positively charged metal ions
surrounded by a 'sea’ of delocalised electrons

[ PRACTICAL

Modelling metallic structure
1 First fill a shallow dish with water and add some detergent.

2 Then blow bubbles onto the surface of the water by moving a
gas syringe backwards and forwards. Keep doing this so you
have a single layer of lots of bubbles.

3 Each bubble represents a metal atom. You will see that the
bubbles are regularly arranged. But in some places there are
‘grain boundaries’ where the directions of the layers change.
The structure of metals is rather like this with irregularly shaped
grains formed within the metal.

Bent pipette Gas syringe
Bubbles,
Detergent | |
solution—E : ]
Petri dish

A bubble raft models the structure of metals




The properties of metals can be explained using this model
of metallic structure.

* Most metals have high melting points and boiling points:

It takes a lot of energy to weaken the strong forces of attraction
between the metal ions and the delocalised electrons in the lattice, These
attractive forces can be overcome only when the temperature is high.

* Metals are good conductors of heat and electricity:

When a voltage is applied, the delocalised electrons move through

the metal lattice towards the positive pole of the cell or power pack.
Conduction of heat is due to vibrations of the atoms passing on the
energy from one atom to the next. The metallic structure allows the
atoms to vibrate more freely compared with a covalent structure.

The delocalised electrons can also carry energy through the metallic
structure quickly. However, the electrons will not move as readily
through the lattice if the atoms are vibrating faster. That is why the
electrical conductivity of a metal decreases with increasing temperature.

* Metals are malleable and ductile:

The positive ions in a metal are arranged regularly in layers. When

a force is applied, the layers can slide over each other. In a metallic
bond the attractive forces between the metal ions and the electrons
act in any direction. So when the layers slide new bonds can easily
form. This leaves the metal with a different shape.

Before After

When a force is applied to a metal the layers slide but soon form
new bonds

SUMMARY QUESTIONS

1 Copy and complete using the words below:

attraction delocalised energy high
melting mobile positive

In metallic bonding the metal ions are held together
by a sea of electrons. The strong electrostatic
between the ions and the electrons gives many metals
their strength. Because it takes a lot of to overcome
these strong electrostatic forces the and boiling points

of most metals is

2 Explain why metals conduct electricity.

3 When you pull a metal wire with enough force it stretches.
Draw diagrams to show what happens to the layers of metal
atoms when you pull a metal wire.

STUDY TIP

[tis a common Error to
think that conduetion iin
metals is due tp movmg
Lons, Remtenmber that i+
Ls ongj the delocalised
electrons which nWove,
The pos:.‘cwe Loms remiaiin
fixed in position within
the glant lattice.

—

1 The ‘atoms’ in metals are
arranged in regular layers.

2 The metallic structure
consists of positive metal ions
held together by a sea of
delocalised electrons.

3 Metals conduct electricity
because the delocalised
electrons can move freely

through the structure.

4
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SUMMARY QUESTIONS PRACTICE QUESTIONS

1 Match each type of structure and bonding on the 1 Which one of these statements about the outer
left with a description on the right. shell electrons in sodium chloride is true?
_— A Sodium shares two electrons with chlorine.
f;ngizfular the solid conducts electricity B Sodium ions have eight electrons in their
outer shells.
Lo has a high melting point but C Chloride ions have seven electrons in their
giantionic — yoesn't conduct electricity outer shells.
: : : D Sodium ions have one electron in their
. has a high melting point and
giant d T i outer shells.
covaleri conaucts electricity when it
dissolves in water (Paper 1)
i has a low melting point and 2 Which of the following attributes abOUTI the
mexatic does not conduct electricity outer shell electrons of the sulfur atom in

hydrogen sulfide, H,S, is correct?

: , A Two lone pairs and one bonding pair.
2 State whether the following pairs of elements ¢ e

form ionic or covalent compounds when they i e Tanedpi ano DRGNS
combine: C One lone pair and three bonding pairs.

(a) sodium and chlorine D Two lone pairs and two bonding pairs.

(b) hydrogen and oxygen (Paper 2)
(c) hydrogen and chlorine
(d) lithium and chlorine
(e) sodium and iodine

5 Draw dot-and-cross diagrams for:
(a) sodium chloride
(b) ammonia (NH,)
(c) hydrogen.

3 Copy and complete using words from the list:

eight electrons molecules outer
pair shares shell stable

A covalent bond is a of shared 6 Name the type of structures represented in
electrons. When chlorine atoms combine to each of these diagrams:
form chlorine , each chlorine atom
a pair of to form a covalent bond. Each
chorine atom now has an electron H
with electrons. This makes the |
chlorine molecule . ¢
i . AT
H 4 H
4 The table shows some properties of different
substances.
substance | melting point/°C | conductivity of solid | conductivity of liquid | solubility in water
A -56 does not conduct does not conduct insoluble
B 610 does not conduct conducts soluble
C -70 does not conduct does not conduct insoluble
D 2310 conducts conducts insoluble
E 680 does not conduct conducts soluble

Classify each of these substances as metals, giant ionic structures or simple molecular structures.

4




3 Potassium chloride, KCl, has a giant ionic structure
but methane, CH,, is a simple molecule.
(a) State three differences between the physical
properties of potassium chloride and
methane. [3]

(b) Draw a dot-and-cross diagram to show the
electronic structure of a potassium ion and

a chloride ion. [2]
(c) Draw a dot-and-cross diagram to show the

structure of methane. [1]
(Paper 3)

4 The diagram shows the structures of diamond
and graphite.

& 5

Diamond Graphite
(@) Describe two ways in which these
structures are similar. 2]
(b) Describe two differences between these
structures. [2]
(c) State the name given to these types of
structure. [1]
(d) Explain why graphite is used as a lubricant
by referring to its structure. 2]
(e) State one use of diamond. [2]
(Paper 3)

5 Hydrogen chloride is a covalent compound.
It is a colourless gas.

(a) Draw a dot-and-cross diagram for hydrogen
chloride, showing all the electron shells. [3]

(b) Hydrogen chloride reacts with water to
form a solution that contains hydrogen
ions and chloride ions.

(i) In what way does hydrogen chloride
differ in its properties from other
simple covalent compounds such as
carbon monoxide and methane?  [7]

(ii) State one property of hydrogen
chloride that demonstrates that it is

a covalent compound. [1]
(iii) Draw the structure of a hydrogen ion
and a chloride ion. [3]
(Paper 3)

6 The structures of carbon dioxide, diamond and
silicon dioxide are shown below.

@
a.
o’ 50
a Roe
o 59 %,
O0=C=0 @
Carbon dioxide Diamond Silicon dioxide (Si04)

(a) (i) In what state does carbon dioxide
exist at room temperature? Explain
your answer. [2]

(ii) In what state does diamond exist
at room temperature? Explain your
answer., [2]
(b) Draw a dot-and-cross diagram for carbon

dioxide, showing only the ocuter electron
shells. [2]

(c) (i) Describe two ways in which the
structure of diamond and silicon

dioxide are similar. [2]
(ii) Describe one difference in the structure
of silicon dioxide and diamond. [1]

(d) State the formula for silicon dioxide. (1]

(e) Describe two properties of silicon dioxide
that are similar to diamond. Suggest how
each property is related to the structure of
silicon dioxide. (4]

(Paper 4)

7 Zinc is a metal and sulfur is a non-metal.

(a) State three differences between the
physical properties of zinc and sulfur. (3]

(b) Draw a diagram to show the metallic
bonding in zinc. [3]

() Sulfuris a non-metal which forms rings
containing eight atoms.

—»,/"""-1)——-"\-&\
e o~

Draw a diagram to show the electronic
structure of a sulfur molecule. Show only
the outer electron shells, [3]

(Paper 4)




4 Formulae and equations

* Know how to write symbols
for chemical elements
and formulae of simple
compounds

* Deduce the formula of a
simple compound from the
relative number of atoms
present

4

DID YOU KNOW?
John Dalton produced a list of
Each symbol was placed in a

circle which represented an
atom.

symbols for the atoms in 1808.

STUDY TIpP

When writing symbols
containing twop Letters,
make sure that the
second letter is in Lowey
ease. Clis correct for
chlorine. ct ig Wrong,

Chemical symbols

Different languages may have different names for a particular
element. For example, in ltalian, nitrogen is called azoto and in
German it is called Stickstoff. So it is useful to have a set of symbols
for the elements that is recognised throughout the world.

Every element has its own chemical symbol. For example, sulfur is S,
oxygen is O and bromine is Br. Many symbols are not as obvious. This
is because they come from Latin, Greek or Arabic words. For example,
iron is Fe and potassium is K. If you do not know the symbol for an
element, you can look it up in the Periodic Table. Notice that the first
letter in a symbol is always a capital letter. If there is a second letter, it
is always small (lower case).

O Hydrogen ‘j o Stmnﬂ'n‘n :
m Azore @ Baryies o

Caion @ Tion !
( Oxygen 7 @ Zme s

; Phasphorus CD cr S8

@ 3 g @ S  John Dalton used
@ g ) @ Lead @ jifferent symbols
@ Muguesia 2 @ Silver # for the elements

from those we
I
@ ime i & Gold * use today

Formulae

We can work out the formula of a compound by knowing the
valencies or combining powers of the elements it contains. You can
usually work out the valencies from the group in the Periodic Table to
which the element belongs.

Group | Il I v \ VI VIE | W
Valency 1 2 3 4 3 2 1 0

You can see that the valencies of the non-metals on the right-hand side
of the Periadic Table in Groups V to VIl are found by taking the group
number away from 8. So nitrogen in Group V has a valency of = 3

(8 — 5). The valencies are the combining powers of the elements. So how
do we get the formula from the valencies? Let's look at some examples:

What is the formula of magnesium chloride?
Magnesium is in Group Il so it has a valency of 2.
Chlorine is in Group VIl so it has a valency of 1.

You can use the following method to find the formula:

* Write down the symbols in the same order as in the name of the
compound.



* \Write down the valencies underneath each element.

* Swap the numbers around.

* Where possible, cancel down the numbers to get the smallest
whole number ratio when necessary.

Example 1 Example 2 Example 3
What is the magnesium aluminium calcium
formula of: chloride oxide oxide
Mg Al O Ca O
Valencies 2 7 3 9 2 3
- o~ 7T
Formula MgCl, AlLO; Ca0

There are three points to bear in mind when writing formulae:

* You cannot predict the valency of the transition elements
(see Topic 12.5).

* The formulae of some compounds containing only non-metals are
not simplified by cancelling down.

For example, hydrogen peroxide is H,0,.
+ Some non-metals form oxides with different formulae.

For example, CO is carbon monoxide and CO, is carbon dioxide;
SO, is sulfur dioxide and SO, is sulfur trioxide.

Simple rules for naming compounds
Naming compounds of two elements

If a compound contains a metal and a non-metal, the metal is put
first and the ending of the non-metal changes to ‘ide’. For example,
the compound of chlorine and magnesium is named magnesium
chloride and the compound of calcium and oxygen is calcium oxide.

If a compound contains two non-metals, naming is a bit more
complicated. If the compound contains hydrogen, this comes first. If not,
the non-metal with the lower group number comes first. For example,
nitrogen dioxide — nitrogen is in Group V so it comes before oxygen,
which is in Group VI. If both non-metals are in the same group then the
one further down the group comes first. For example: sulfur dioxide —
sulfur is lower than oxygen in Group VI so it comes first.

Some compounds which have been known for a long time are called by
their common names. For example, H,0 is water and NH, is ammonia.
Naming compounds with three elements

You should be able to recognise the following groups which contain
oxygen as well as another element.

OH hydroxide Example: sodium hydroxide, NaOH

NO, nitrate Example: magnesium nitrate, Mg(NO_),
S0, sulfate Example: calcium sulfate, CaSO,
CO, carbonate Example: sodium carbonate, Na,CO,

STUDY TIP

Take care when Wrii:[.ug the
second atom. in, a formula,

Co2 is not acoeptable

fo&: carbon dioxide aind
welther is Ho for watey.
The symbol for oxygen is
always a capital o.

—

1 Each chemical element has a

symbol.

2 When naming a compound
containing two elements the
second name often changes

to -ide.

3 The formula of a simple

compound can be worked
out from the valency of the
elements present.

/

1 Write the name of the
compounds formed by
combining:

a bromine and sodium

b magnesium and oxygen

¢ hydrogen and iodine.

2 Work out the formulae of:
a magnesium bromide
b potassium chloride
¢ barium oxide
d magnesium nitride
e gallium oxide.
3 Name the following
compounds:
a MgBr,
b AlC,
c KSO,
d KNO,

SUMMARY QUESTIONS

4




Supplement

* Deduce the formula of a
simple compound from the
relative number of atoms

present

* Deduce the formula of a
simple compound from a

diagrammatic representation

* Determine the formula of an
ionic compound from the
charges of the ions present

4

DID YOU KNOW?

Every chemical that has been
written about has been given
an identification number called
the CAS number. In January
2008, there were 33 565050
chemicals with CAS numbers.

4

STUDY TIP

When writing the formula
ofsfn. Lonie compound from

a diagram of its structure,
make sure that Youwrite
the'fomula as the silupl'.sst ’I
ratio. For example, write
E}RBI'Q, not OC!E'E-I';'&. ;

‘ﬂ___m_, ]

The formula of zinc
chloride is ZnCl,

Working out the formula from diagrams

If we are given a picture of a molecule showing all atoms and bonds
we can easily work out its formula. We do this simply by counting the
number and type of each atom. We then use the rules for naming
compounds to write the name.

@@

Oxygen Ammonia Phosphorus(V) chloride
(2 0 atoms) (1 N atom and 3 Hatoms) (1 Patom and 5 Cl atoms)
formula O, formula NH, formula PCl,

_ Diagrams of oxygen, ammonia and phosphorus{V) chloride

For some molecules, especially those containing carbon and
hydrogen, we can write two types of formula:

* Molecular formula: this shows the number of each type of atom
present.

* Empirical formula: this shows the simplest whole number ratio of
the different atoms present.

For example, for the compound ethane:

The full structural "l* |I|

formula is: H—C—C—H
||
HoH

The molecular formula is C,H,,
The empirical formula is CH;

If you are just asked to work out the formula of a compound, you
should write the molecular formula.

Working out the formula of an ionic compound
You can also work out the formula of an ionic compound from a
diagram by:

* counting up the number of positive ions

* counting up the number of negative ions

* cancelling the numbers down to find the simplest whole number ratio.
For example, the diagram in Figure 4.2.2 of zinc chloride shows four
positive ions and eight negative ions. So Zn = 4 and Cl = 8. If we

divide each by four, we get the simplest ratio which is Zn = 1 and
Cl = 2. So the formula is ZnCl..



Supplement

In an ionic compound the number of positive

charges is balanced out by the number of

negative charges. The total charge is zero. We | O/P

l A% V

can work out the formula for a compound if
we know the charges on the ions. Figure 4.2.3
shows how the charges on some commaon
ions are related to the paosition of the element
in the Periodic Table.

Lt Be?*

Na‘{‘ Mgz+

A7t

You can see that for metal ions the positive K+

charge on the ion is the same as the group

Ca2t Transition

metals

number. For non-metal ions the negative
charge is 8 minus the group number.

F@gﬂ)’g%S lons formed by some elements of the Periodic Table

You work out the formula for an ionic compound knowing the charge

on each ion in a similar way to the one you used in Topic 4.1

Some ions contain more than one type of atom. These are called
compound ions. You need to remember the names and charges of

these ions.
NH,* OH NO, S0 3
ammonium ion hydroxide ion nitrate ion sulfate ion

o, HCO,
carbonate ion hydrogencarbonate
ion

The formulae of compounds formed
from these ions are found in the

Aluminium nitrate

Sodium sulfate

same way as above by balancing out
the charges on the ions. Sometimes
you have to use brackets around the
compound ions to make sure that the
number of atoms is correct. Here are
two examples in Figure 4.2 4.

lons present AI@[:-) M
Swap the numbers r’/’/}-xl

to balance the 1xAP*Y  3xNOy
charges Al(NO3)3

Na? S0

2 xNat 1x504°
N82504

\Figure 2.4 rormulae from changes on the ions

SUMMARY QUESTIONS

1 Write the molecular formula for each of the
following compounds: H

H
a N=N b 0=C=0 c jc=ci
H H
2 Name the following compounds:
a KJSO,
b Mg(NO,),
¢ Cu(OH),

3 Write the formula of each of the following compounds by
balancing the charges on the ions.

a calcium carbonate b magnesium nitrate
¢ ammonium chloride d aluminium sulfate

S - -

1 The formula of a molecular
compound can be worked
out from a diagram of the
full structural formula by
counting the number of each
type of atom.

2 The formula of an ionic
compound can be found by
counting the ions and finding
the simplest ratio.

3 The formula of an ionic
compound can be worked out
using the charges on the ions.

juawaddng




e Construct word equations
and simple balanced chemical
equations

¢ Deduce the balanced
equation for a chemical
reaction, given relevant
information

Supplement

STUDY TIp

thm: bawmiwg symwbol
eEquatiomns You must

ot change any of the

formulae. Alwag ys balamnce

by putting large numbers
i front of the formulge.
For exancple, balancing

cao b’g makring it Lntp

CAO, is Wrong. It showld

be2cao.

DID YOU KNOW?
The first diagram showing a

type of chemical equation was
made by the Frenchman Jean
Beguin in 1615.

Word equations

We show chemical reactions by chemical equations. The simplest type
of equation is a word equation. This shows the reactants on the
left and the products on the right. The arrow shows that the reaction
goes from left to right — from reactants to products. For example:

magnesium -+ oxygen —=> magnesium oxide

Any conditions such as heating or adding catalysts are written over
the arrow. Heat is not a definite substance so it does not appear as a
reactant or product.

; heat + catalyst + pressure ;
nitrogen + hydrogen > ammonia

Word equations are less useful than symbol equations because:

* they do not show the number of molecules that react together
* they can be very long if the name of a chemical is complicated

¢ the names for different chemicals are not the same in different
languages.

Symbol equations

A symbol equation is a shorthand way of describing a chemical
reaction. In any chemical reaction the bonds in the reactants are
broken and the new bonds are formed so the atoms combine
differently. Atoms cannot be formed from nothing and cannot

be destroyed. So there must be the same number of each type of
atom on both sides of the equation. We can balance an equation
by counting the number of each type of atom in the reactants and
products. If the numbers are equal, the equation is balanced.

This equation is balanced: Fe+S —> FeS

There is one atom of iron and one atom of sulfur on each side of the
equation.

This equation is not balanced: Mg+ 0O, —> MgO
There are two atoms of oxygen on the left but only one on the right.

When balancing an equation you must not change the formula of
any of the reactants or products.

In order to balance an equation you need to follow these steps:

Step 1. Write down the formulae for the reactants and products.
For example:

H,+0, — H,0
Some gaseous elements exist as diatomic molecules. They have two
atoms per molecule. You should know that the following molecules
are diatomic: hydrogen, H,; nitrogen, N,; oxygen, O,; fluorine, F,;
chlorine, Cl.; bromine, Br,; and iodine, ..



Supplement

Step 2. Count up the atoms. You can use coloured dots beneath if it
helps you.
H,+0, — H,0

e TR
There are two oxygen atoms on the left but only one on the right.

Step 3. Balance the atoms by putting a number in front of one of
the reactants or products. The number in front multiplies all the way
through the molecule. So 2H,0 has (2 x 2) 4 hydrogen atoms and
(2 x 1) 2 oxygen atoms.

H,+0, — 2H,0

e o0 e @

Now the oxygen atoms are balanced. But the hydrogen atoms have
become unbalanced.

Step 4. Keep balancing in this way until you get all the atoms balanced.
2H,;+0, —» 2H,0
T e® e @

The equation is now balanced.

More symbol equations

When brackets are used, the small number at the bottom right of the
brackets multiplies through what is in the brackets. So Mg(NQ,), has 1
‘atom’ of magnesium, {1 =< 2) 2 atoms of nitrogen and (2 x 3) & atoms
of oxygen. If we wrote 2Mg(NO,), we would have twice as many of each
of these atoms: 2 magnesium, 4 nitrogen and 12 oxygen.

Some examples are given here:

Example 1: aluminium + water — aluminium + hydrogen
chloride hydroxide  chloride

AlCl, +H,0 — AI(OH), + HC
Balance the chlorine atoms ~ AICI, + H,O — Al(OH), + 3HCI
Balance the oxygen atoms ~ AICl, + 3H,0 —> AIl(OH), + 3HCI

Example 2: calcium + nitric —> calcium + water
hydroxide acid nitrate

Ca(OH), + HNO, —> Ca(NO,), +H,0O
Balance the nitrate (NO,)  Ca(OH), + 2HNO, — Ca(NO,), + H,0

The hydrogen is not balanced: there are 4 atoms on the left and only
2 on the right.

Balance the hydrogen atoms Ca(OH), + 2HNO, —> Ca(NQ,), + 2H,0

Fi

1 There is the same number of
each type of atom on each
side of a chemical equation.

2 In a chemical reaction, the mass
of the products always equals
the mass of the reactants.

3 Equations are balanced by
writing numbers in front
of particular reactants or
products.

4

SUMMARY QUESTIONS

1 Write word equations for the
following reactions:

a 2Na+2H0
—> 2NaOH + H,

b Mg + ZnSO,

—> Zn + MgSO,
c (ud + HESO4

—> Cus0, + H,0

2 Write balanced symbol
equations for the following
reactions:

a Na+ CI2 —> Nadl
b CI2 i L HC
c Na+ O2 > I‘\!a;:'[)2

3 Write balanced symboal
equations for the following
reactions:

a zinc + hydrochloric acid
— zinc chloride +
hydrogen

b chlorine + potassium
bromide —> bromine +
potassium chloride

¢ copper(Il) chloride, Cucl,
+ sodium hydroxide —
copper hydroxide, Cu(OH),
+ sodium chloride

juawaddng
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¢ Construct symbol equations
including state symbols

* Construct balanced ionic
equations

Supplement

The products of a reaction may have a
different state from the reactants

DID YOU KNOW?

In a lecture in 1827, Michael
Faraday gave several chemical
demonstrations to show the
meaning of solids, liquids and
gases. This was one of the first
times that this had been done. .

Using state symbols

We use special symbols in equations to show if a substance is
a solid, liquid, gas or dissolved in water. These are called state
symbols. They are;

(s) solid () liquid (g) gas
(ag) aqueous solution — solute dissolved in water

State symbols are written after the formula of each reactant and
product:

Zn(s) + H,50,(ag) —> ZnSO,(aq) + H,(g)

When water or other liquids are reactants or products they can be
liquid or gas according to the conditions used:

MgO(s) + 2HCl(aq) —> MgCl,(aq) + H,0())
CO(g) + H,0(g) —> CO.(g) + H,(g)

lonic equations

Many chemical reactions invalve ionic compounds. When ionic
compounds dissolve in water, the ions separate:

MgCl.(s) + aqg —> Mg’*(aq) + 2Cl(aq)

Notice how we write the separate ions. The 2CI- shows that there are
two separate chloride ions in solution.
You can often tell if a substance forms ions. Examples are:

* compounds containing a metal and a non-metal
* acids such as hydrochloric acid, HCI; sulfuric acid, H,SO,;
and nitric acid, HNO,
* ammonium compounds — these contain the ammonium ion, NH,*.

In many ionic reactions, only some of the ions take part in the
reaction. The ones that do not are called spectator ions,

An ionic equation is a special form of symbol equation that shows
only those ions that react. We can change an ordinary symbol
equation into an ionic equation in the following way:

Step 1. Write down the balanced ionic equation with the state
symbols.

BaCl,(aq) + Na,S0O,(aq) —> 2NaCl(aqg) + BaSO,(s)

Step 2. Write down all the ions present in the equation. You can use
the bullet-pointed list above to help you. Any reactant or product
that is a solid, a liquid or a gas is not split into ions.

Ba’*(aq) + 2C(aq) + 2Na*(aqg) + SO, (aq) —> 2Na*(aq) + 2CI(aq) + BaSO,(s)




Step 3. Cross out the ions that are the same on both sides of the
equation. These are the spectator ions.

Step 4. Write down only the reactants and products that are left to
get the ionic equation.

Ba’*(ag) + SO,>(aq) —> BaSO,(s)

Another example:

An aqueous solution of chlorine reacts with an aqueous solution of
sodium bromide to form an agueous solution of sodium chloride and an
aqueous solution of bromine. Write an ionic equation for this reaction.

Step 1. C(aq) + 2NaBr(ag) —> Br,(aq) + 2NaCl(aq)
Step 2. Cl(ag) + 2Na*(aq) + 2Br(aq) — Br,(aq) + 2Na*(aq) + 2C(aq)
The chlorine and bromine are not ionic.

Step 3.
Cly(aq) + 2Ma*(aq) + 28r (aq) —> Bry(aq) + 2Ma*(aq) + 2C1 (aq)

Step 4. Cl,(aqg) + 2Br(aq) — Br,(aq) + 2Cl+(aq)

If two solutions are added together and a precipitate (solid) is formed
you can simplify the method. All you have to do is to write down the
formula of the precipitate as a product and the ions that go to make
up the precipitate as the reactants:

Fed, (aq)+ 3NaOH(aq) —> Fe(OH),(s) +3Nad(aq)
Fe’*(ag) + 30H(aq) —> Fe(OH),(s)

In this reaction we know that the iron must be Fe?*, because each
of the three chloride ions has one negative charge and there is no
overall charge on the iron chloride.

symbaol equation:

ionic equation:

SUMMARY QUESTIONS

1 Copy and complete the paragraph using these words:

equations ions precipitate reaction spectator

lonic show only the that take part in a reaction to
. The ions

form a product which is either not ionic or is a S
that do not take partina ~ arecalled  ions.

2 Write ionic equations for the following reactions:
a AgNO,(aq) +KBr(ag) —> KNO,(aq) + AgBr(s)
b Cudl (aq) + 2NaOH(aq) —> Cu(OH),(s) + 2NaCl(aq)
¢ Br,(aq) + 2Kl(ag) —> 1,(aq) + 2KBr(aq)

4

BaZ “(aq) + ZQIZ (aq) + 25@ (aqg) + 8042 (ag) — 29.*5' (ag) + 2Q/(aq) + BasSOy(s)

STUDY TIP

When writing lomic
equations, frst Ldemti

the reactants op products
tl—lat are not Lonte. These
will be solids, Liquids

or simpi.e weolecules Like
chlorine. It i< only thew that

Youw can séparate the othey
compounds Linto one.

1 The state symbols (s), (), (g)
or (aqg) are added after the
formula of each reactant and
product.

2 lonic equations are simplified
symbol equations showing
only those ions that react and

3 In reactions involving ions
not all the ions take part
in the reaction. Those that
are not involved are called
spectator ions.

the products of their reaction.

4
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SUMMARY QUESTIONS

PRACTICE QUESTIONS

1 Write word equations for the reactions of:
(@) magnesium with chlorine
(b) potassium with oxygen
(c) sodium with bromine
(d) carbon with oxygen.

2 Write the formulae for:
(a) sodium chloride
(b) magnesium oxide
(c) aluminium oxide
(d) calcium chloride
(e) aluminium chloride.

3 Match the names on the left with the
elements or ions on the right.

oxide cl
hydrogen 0,
calcium 0%
chlorine H*
chloride Cat
oxygen cl

4 Balance these equations.
(@) Ca + O, — G0
(b) SO, + O, —> SO,
(c) Na + d, — Nadl
() CH .+ 0. —> €0 +HO
(e) Fe,0, + CO —> Fe + €O,
(f) PbO + C —> Pb + CO,

5 Write word equations for these reactions:
(a) Zn + CuSO, —> ZnSO, + Cu
(b) 4Fe + 30, —> 2Fe, 0,
() NH,d + NaOH —> NH_ + NaCl + H,O
(d) Cu(NO,), + Mg —> Cu + Mg(NO,),

§ 6 Change these equations into ionic equations:

E (a) Cl(aq) + 2NaBr(ag) —> Br,(aq)

= + 2NaCl(ag)

W  (b)FeCl(aq) + 2KOH(ag) —> Fe(OH),(s)
+ 2KCl(aq)

(€) Mg(s) + 2HClag) —> Mgdl (aqg) + H,(g)

4

1 Part of the structure of magnesium chloride is

shown below.

The correct formula for magnesium chloride is:
A Mgl

B Mg,

C Mg,

D MgCl,

(Paper 1)

Gallium is in Group Ill of the Periodic Table.

Oxygen is in Group VI. The formula of gallium
oxide is:

A Ga0,
B Gaiiorj
C Ga,0,
D GaO,
(Paper 2)

The formulae for some halogens and halogen
compounds are shown below.

NaCl KBr Br, Cl, I, LiBr K

2
(a) Which of these are compounds? 13/
(b) Write the names of (i) NaCl (i) LiBr. 2]

(c) Copy and complete the equation for the
following reaction:

C,+_  KBr —s 2kCl+ 2]
(d) Name the following ions:

(i) | (ii) o7 (iii) < 3]
(Paper 3)

Magnesium reacts with hydrochloric acid to
form magnesium chloride and with sulfuric
acid to produce magnesium sulfate.

(a) Write the formula for
(i) hydrochloric acid
(ii) sulfuric acid
(iii) magnesium sulfate. [3]



(b) Magnesium also reacts with very dilute
nitric acid.

(i) Copy and complete the equation for
this reaction
Mg + ...HNO, —> Mg(NO,), + H, [1]
(ii) Write a word equation for this
reaction. [2]

(c) Magnesium reacts with oxygen to form
magnesium oxide, MgQ. Write a symbol
equation for this reaction. [2]

(Paper 3)

5 Calcium carbonate reacts with hydrochloric
acid to form calcium chloride, carbon dioxide
and water.

(a) Copy and complete the equation for this
reaction.

CaCO, + HCl —» CaClL+ _+ _ [3]

(b) When heated, calcium carbonate
decomposes:

CaCO, — G0 + CO,
Write a word equation for this reaction. [1]

(c) The ‘model equation’ below describes the
combustion of methane.

H /O\
B AT it 4 g
— — — —— O
g 1oy 0=0 T
H
Write a balanced chemical equation for
this reaction. [2]
(Paper 3)

6 This question is about some compounds
containing nitrogen.

(@) Under certain conditions, nitrogen reacts
with hydrogen to make ammonia gas, NH_.
Write a balanced equation for this
reaction, including state symbols. [2]

(b) When ammaonia is bubbled through a
solution of hydrochloric acid, a solution of
ammonium chloride is formed.

Write a balanced equation for this reaction
including state symbols. [2]

(c) Agueous ammonia contains ammonium
ions, NH,*, and hydroxide ions, OH". When
aqueous ammonia reacts with aqueous
copper(Il) chloride, CuCl,, the products
are a precipitate of copper(Il) hydroxide,
Cu(OH),, and aqueous ammonium chloride.
Write an ionic equation for this reaction.

[2]

(d) Nitric acid reacts with calcium hydroxide to

form calcium nitrate and water.

Write a balanced equation for this
reaction. [2]

(Paper 4)

7 This question is about sodium and some
compounds of sodium.

(a) When sodium metal reacts with water the
products are hydrogen gas and a solution
of sodium hydroxide.

Write a balanced equation for this

reaction, including state symbols. [3]
(b) An aqueous solution of sodium chloride

reacts with an aqueous solution of silver

nitrate, AgNO,. The products are a

precipitate of silver chloride, AgCl, and

a solution of sodium nitrate.

(i) Write a full symbol equation for this
reaction, including state symbols. (3]

(ii) Convert the full symbol equation to an
ionic equation., [2]
(Paper 4)

8 When iron(IIT) oxide,Fe O, and aluminium are
heated together at a high temperature, iron
and aluminium oxide are formed.

(a) What is the meaning of the symbol (III) in

iron(III) oxide? [1]
(b) Write a balanced equation for this
reaction. (3]

(¢) Iron reacts with hydrochloric acid:
Fe(s) + 2HCl(ag) —> FeCl,(aq) + H_(g)
Explain the meaning of (i) (aqg) and (ii) (g)
in the symbal equation. [2]

(Paper 4)



5 Chg[nical calculations

* Define relative atomic mass
and relative molecular mass

* Do simple chemical
calculations involving
reacting masses

He4 c=12

C=12
_ Three helium atoms have

the same mass as one
carbon atom.

One magnesium atom
has the same mass as two
carbon atoms.

4

DID YOU KNOW?
The mass of a single proton is

0.000000000000000
00000000167 grams!

Relative atomic mass

A chemical equation shows the number and type of atoms in the
reactants and products. But this does not take into account the mass
of each atom. The atoms of different elements have different masses.
So if we want to know what quantities of reactants to use to make a
certain amount of product we have to know how heavy one atom is
compared with anather — their relative mass.

The mass of a single atom is so small that you cannot weigh it using
even the most accurate balance. To overcome this problem scientists
weigh a lot of atoms and then compare them with the mass of the
same number of ‘standard’ atoms. Atomic scientists have chosen to
use as a standard an isotope of carbon called carbon-12.

Scientists have given an atom of carbon-12 a mass of exactly 12 units.
The mass of other atoms is then found by comparing their mass with
the same number of carbon-12 atoms. The mass found is called the
relative atomic mass.

So the definition of relative atomic mass is:

The average mass of naturally occurring atoms of an element on a
scale where the carbon-12 atom has a mass of exactly 12 units.

The symbol for relative atomic mass is A,

The reason why we use the average mass of the atoms is to take
account of naturally occurring isotopes.

For most work in the school laboratory we do not need to know
relative atomic masses very accurately. We can use whole numbers.
But there are some exceptions. For example, the A of chlorine = 35.5.
Relative atomic masses are shown on maost Periodic Tables.

We can also use relative atomic masses for the mass of ions such as Cl.
That is hecause the electrons which are lost or gained when ions form
have hardly any mass compared with the nucleus.

We can use relative atomic masses to see how heavy one atom is
compared with another. For example the A of sulfuris 32, the A of
copper is 64 and the A of oxygen is 16. This means that one sulfur
atom has the same mass as two oxygen atoms. One copper atom has
the same mass as two sulfur atoms or four oxygen atoms.

Relative molecular mass

Relative molecular mass is the sum of the relative atomic masses
of all the atoms shown in the formula of a molecule. So all we have
to do is to add all the relative atomic masses together. The symbol for
relative molecular mass is M. Here are two examples:



.Relative molecular mass of methane:

—_

formula CH,
atoms present 1 carbon + 4 hydrogen

adding A s 1 x A carbon + 4 X A hydrogen

M. (1x12)+ @4 x1)=16
2.Relative formula mass of calcium hydroxide:
formula Ca(OH),

atoms present 1 calcium + 2 oxygen + 2 hydrogen
adding A s (1 x A calcium) + (2 x A oxygen) + (2 x A_hydrogen)
M (1 x40)+ (2 x16)+ (2 x1)=74

3

We follow exactly the same method for ionic compounds but these
are not molecules, so we use the term relative formula mass. The
term ‘relative formula mass’ is more general and we can apply it to all
compounds,

Simple chemical calculations

We can work out how much product we get from a given amount of
reactant by simple proportion. We can do this very easily if we already
have some information about the mass of product produced by a
different amount of reactant.

Example 1: A student obtains 48 g of magnesium sulfate from 9.6¢
of magnesium. What mass of magnesium sulfate can the student get
from 1.2 g of magnesium?

9.6g magnesium gives 48 g magnesium sulfate
S0 1.2g magnesium gives % x 48 = 6g magnesium sulfate

Example 2: In the reaction Mg + CuSO, —> MgSO, + Cu
6.4g of copper are formed from 2.4 g of magnesium. What mass of
magnesium is needed to get 32 g of copper?

6.4g copper is formed from 2.4 g magnesium

so to get 32 g copper requires 3 % 2.4 = 12g magnesium

6.4
SUMMARY QUESTIONS

1 Copy and complete using the words below:

adding atoms carbon exactly formula relative scale

The masses of are compared on a where an atom
of -12 has a mass of 12 units. The relative
mass is found by together the atomic masses in

the formula of a molecule or ionic compound.

2 a How many helium atoms have the same mass as one atom
of sulfur?
b How many lithium atoms have the same mass as one atom
of iron?
¢ How many helium atoms have the same mass as four
lithium atoms?

3 Calculate the relative formula mass of:

a potassium chloride, KCI b calcium nitrate, Ca(NO,),. /

STUDY Tip

If @ formula has brackets,
first work out the atomie
masses inside the brackste
then maltipl bgj the
number outsigle. Ff.ml.tg,
add the atomic masses
which were not bracketed.

Mass spectrometry is one way of finding the
relative molecular mass of a molecule

1 The relative atomic masses
of atoms are compared on a
scale which gives an atom of
carbon-12 a mass of exactly
12 units.

2 The relative molecular mass
is the sum of the relative
atomic masses in the formula
of a molecule.

3 We can use simple
proportion to calculate the
mass of a product formed if
we have enough information

4




¢ Define the mole and the
Avogadro constant

* Use the mole in calculations
involving stoichiometric
reacting masses

Supplement

The German scientist Wilhelm Ostwald
suggested the term ‘mol’ in 1893, which
made up by abbreviating the German word
for molecule (Molekii). For his work on
catalysis, Ostwald was awarded the Nobel
Prize for Chemistry in 1909,

Amedeo Avogadro found that

equal numbers of molecules.

A mole of any element or
compound contains 6.02 x 10%
atoms, ions or molecules. This is
called Avogadro’s number, and
it is used to gauge the results of
chemical reactions.

equal volumes of gases contained

he

DID YOU KNOW?

4

The Avogadro constant and the mole

The mass of even 1000 atoms is far too small to weigh on a balance. If we
want to calculate the mass of a reactant needed to get a given amount

of product we must scale up much more than this. If we have 6 x 102

(6 with 23 zeros added) atoms, ions or molecules of a substance, we

have an amount which is easily weighed. This number of atoms, ions or
molecules is called the Avogadro number or the Avogadro constant.

The amount of substance with the Avagadro number of particles is
called the mole.

6 X 10°% atoms of hydrogen, H, have a mass of 1 gram —its A = 1.
6 x 10” molecules of oxygen, O,, have a mass of 32 grams —its M, = 32.
6 x 10” sodium ions, Na*, have a mass of 23 grams — its M, = 23.

You can see that one mole of a substance is simply the relative atomic
mass or the relative formula mass in grams. We can also use the term
molar mass for the relative formula mass in grams.

« A mole is the amount of substance that contains 6 x 1023 atoms,
ions or molecules

* the Avogadro constant is the number of atoms, ions or molecules
in one mole.

It is very important to make clear what types of particles you are
referring to. If you just state ‘moles of oxygen’ it is not clear whether
you are thinking about moles of oxygen atoms or moles of oxygen
molecules. A mole of oxygen molecules (O.) contains 6 x 10%
molecules but it contains twice as many atoms — 1.2 x 10% atoms.
This is because there are two atoms in every molecule of oxygen.

Calculations using the mole

You can find the number of moles of atoms, molecules or ions using
the following formula:

number mass of substance taken <— in grams

of moles  mass of one mole of the substance <— formula mass
Example: Ingrams

How many moles of water are there in 4.5 grams of water?
M, water = 18

1 mole water = 18g

So 4.5q water is % = 0.25mol
Note that the abbreviation for moles is mol.

In chemical calculations you may need to rearrange the mole
equation above. If you rearrange the equation you can see that you
can find the mass of a substance in a given number of moles:




number  mass of 1 mole of the

mass of substance (g) = of moles ~* substance (formula mass)
Example:

What is the mass of sodium hydroxide in 0.5 moles of sodium
hydroxide? M_of NaOH = 40
mass = number of moles x mass of 1 mole (formula mass)

= 0.5 pd 40 = 20g NaOH

Reacting masses

We often want to know what mass of one reactant we need to add
to another so that they react exactly and there is no waste. To do this
we need to know the ratio in which the reactants combine. The ratio
of the various reactants and products in an equation is called the
stoichiometry of the equation. In the equation:

2Mg + O, —> 2MgO
two moles of magnesium atoms react with one mole of oxygen
molecules to form two moles of magnesium oxide.

We can use relative formula masses to work out the minimum mass of
oxygen needed to react completely with a given mass of magnesium.
Remember that one mole is the relative formula mass in grams.

Example:

Calculate the mass of oxygen needed to react with 12 g of
magnesium. A values: Mg = 24; O = 16

Mg + O,
using formula masses 2x24g 2 x16g
and stoichiometry

—> 2MgO

48 g magnesium reacts with 32 g of oxygen.

So 12g magnesium will react with % x 32 = 89 of oxygen.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

amount equal formula grams mole molecules

The mole is the of substance that contains 6 x 10
atoms, or ions. The Avogadro constant is the number of
atoms, molecules or ions in one of a substance. A mole
of a compound has a mass to the relative mass of
the compound in

2 Calculate the number of moles of:
a sodium hydroxide in 8¢ of sodium hydroxide, NaOH
b water in 5.4¢g of water
¢ aluminium oxide in 12.75¢g of aluminium oxide, AL O..

juawa|ddng

A values: Na = 23,0 =16, H = 1, Al = 27. Y,

ﬁmﬂi&ﬁ If you have difficulty

T ~ rearranging the mole
equation this triangle may
help you. Cover the quantity
you want to find. You will
see the correct form of the
equation to use.

STUDY TIP

When, doing caleulatione
Put the relative formula ’
masses or moles below the
appropriate reactamts oy
Producets L the symbol
equation so that You
can see whieh reactamts
or produccts gre relevant,
Be sure to take the
stoich iomtrg of the
equation intp aceount.

T

1 One mole of a substance
contains 6 x 102 atoms,
molecules or ions.

2 The Avogadro constant is the
number of atoms, molecules or
ions in one mole of substance.

3 We can use chemical
equations and relative formula
masses to calculate the mass
of product obtained from a
given amount of reactant.

_




Supplement

* Calculate the theoretical yield
of product obtained from a
given amount of reactant

* Apply the concept of limiting

reactants
J

STUDY TIP

The Limiting reactans

LS the reactant that ie

NOT L excess. It has the
smaller mumber of moles.
Be carefil though - You
st also take Lty
accownt the ratio tin which
the reactants combing,

Bleach is used in some swimming pools to
control and kill harmful bacteria. Getting
the quantities right involves some careful
calculation! Adding too much bleach can
cause burns to the skin and eyes.

DID YOU KNOW?

Stoichiometry is derived from
the Greek words meaning
‘element measure’.

Limiting reactants

When we carry out a reaction we sometimes use an excess of one of
the reactants. The reactant that is not in excess is called the limiting
reactant or limiting reagent. The reaction stops when the limiting
reactant is used up. You can calculate which reactant is limiting by
calculating which reactant has the lower number of moles, You must,
however, take into account the stoichiometry of the reaction. If you
just work out the number of moles from the masses given, it does
not take into account the fact that one of the reactants might be
used up twice as fast as the other.

Figure 5.3.1 shows how the particles of calcium carbonate and
hydrochloric acid decrease in number as the reaction proceeds.
The equation for the reaction is:

CaCo, + 2HCO —> CaCl, + CO, + H,0

Calcium carbonate

Hydrochloric add  © Reaction proceeds ————»

_ Hydrochloric acid is the limiting reactant because it gets used up

before the calcium carbonate

The equation shows that for each mole of calcium carbonate which reacts,
two males of hydrochloric acid are converted to products. Sg, in this case,
although we had the same number of particles of calcium carbonate and
hydrochloric acid to start with, the hydrochloric acid gets used up quicker
and runs out first. So hydrochloric acid is the limiting reactant.

The example below shows how to work out problems involving
limiting reagents.
Example:

1.2 g of magnesium is reacted with a solution containing 2.74 g of
hydrochloric acid. Which is the limiting reactant?

Mg + 2HCl —> MgCl, + H,
A values: Mg =24, = 355, H = 1.
So M, [HCI] = 35.5 + 1 = 36.5

! 1.2
number of moles of magnesium = T 0.05mol

number of males of hydrochloric acid = % = 0.075mol




From the equation: 1 mol of magnesium reacts with 2 mol of HC|

so 1o react completely, 0.05mol magnesium will need to react with
2 x 0.05 = 0.1 mol of HCI.

But we have only 0.075 mol of HCl, so the HCl is the limiting reactant.

From this type of calculation, you can also find out by how much
one reactant is in excess. In the example all the hydrochloric acid was
used up.

Hydrochloric acid used up = 0.075mol

From the equation: 2 mol hydrochloric acid reacts with 1 mol of
magnesium.
0.075

So 0.075mol hydrochloric acid will react with

= 0.0375 mol magnesium

Therefore

moles of magnesium
reacted

0.0125mol

moles of magnesium

Excess magnesium = at start

= 0.05 - 0.0375 =

How much product?

We often need to know how much product we can get from a given
amount of reactant. There are two ways of doing this: we can use
relative formula masses and simple proportion or we can work out
the number of moles of reactant and product. These two methods
are shown for the following question:

Calculate the mass of water formed when 4 g of methane is
completely burned in axygen.

Avalues:C=12,H=1,0=16

Method 1: using relative formula masses

(H, =+ A, — (0D, + 2H.0
Ms 12+ (4 x 1) 2x[(2 x1)+16]
16g methane will give 369 water
4g methane will give 1i6 x 36 = 9g water

Method 2: using moles
CH + 20, —> €O, +

4

2H.0

moles of methane = % = 0.25mol

mole ratio of methane : water = 1:2

So moles of water formed = 2 x 0.25 = 0.5mol
mass of water in g = moles x M of water

So mass of water = 0.5 x 18 = 9¢g

1 The limiting reactant is the
one that is not in excess.

2 We can work out which
reagent is limiting by
comparing the number of
moles of each reactant,
taking into account the
stoichiometry of the equation.

3 We can use the chemical
equation and relative formula
masses to calculate the mass
of product formed from a
given amount of reactant.

SUMMARY QUESTIONS

1 Calculate the mass of
copper(II) sulfate formed when
2.59 of copper(Il) oxide reacts
with excess sulfuric acid. The
equation for the reaction is:
CuO + H,50, —> CusO, +

H.O
A:Cu=2635 0=16
N =

2 In the reaction:
Mg + 2CH,COH —>
(CH3C02)2M9 + H,

2.4g of magnesium is
reacted with 6g of ethanoic
acid, CH,CO_H.

Which reagent is in excess?
A:Mg=24C=12;H=1;

0=16
_4
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Supplement

* Calculate the percentage by
mass of an element present
in a compound

* Do calculations involving

reacting volumes of gases ‘/

DID YOU KNOW?

It takes about 16000000
moles of helium gas to fill a
modern airship.

Hydrogen
0.0832g

2.96g

—— = 0.042mol = 0.042mol

0.0832g
71 2

_ There are the same number

of moles in each flask

PRACTICAL

Percentage by mass

We can use formulae and relative molecular masses to work out
the percentage by mass of a particular element present in a
compaound. It is useful to know this, as it enables us to compare the
amount of nitrogen in different fertilisers or to work out how much
metal we can obtain from a metal ore. To find the percentage by
mass of an element in a compound we use the relative atomic mass
of the element and the relative formula mass of the compound.
mass of a particular element in
one mole of a compound
mass of one mole of compound
Since the relative formula mass is equal to the molar mass in grams,
we can rewrite this as:

sum of the relative atomic masses of a
particular element in a compound

% by mass = * 100

% by mass = > 100

relative formula mass of compound

Example: Calculate the percentage by mass of iron in 1 mole of
iron oxide, Fe,O..

A: Fe=56;0=16

There are two moles of iron in every mole of iron oxide. So mass of
iron =2 x 56 = 112.

The relative formula mass of Fe,0, is (2 x 56) + (3 x 16) = 160.

L 112
50 % by mass of iron in Fe,0Q, = 160 x 100 = 70%

Gas volume calculations

Look at the two flasks in Figure 5.4.1. Each has a volume of 1 dm?3.
They are each filled with a different gas and the volume of the gas is
measured accurately.

Each flask contains the same number of moles. This means that the
same volume of gas has the same number of moles.

Mg + 2HC —> MgCl, + H,

What is the volume of one mole of gas?
1 Put 0.1g of magnesium in the flask and add excess hydrochloric acid.

2 Record the maximum amount of gas produced. It is 100 cm®. The equati
hydrogen is produced when one mole of magnesium reacts:

Moles of magnesium used = 0.1/24 =

If 100cm’ hydrogen = 0.004 166 mol, then the volume of
one mole = 100 x 1/0.004166 = 24 000cm?.

Gas syringe

0.004 166 mol = moles of hydrogen T T )
Magnesium

==
WFGUrEBARN Apparatus for

following the progress of a reaction
where a gas is given off

_




At room temperature and pressure the volume of one mole of any gas
is 24dm” or 24000cm’. This is called the molar gas volume. Room
temperature and pressure (rt.p.) is 20°C and 1 atmosphere pressure.

We can use the fact that one mole of gas occupies 24dm? to do
chemical calculations for reactions where gases are produced.

volume of gas (in dm?) = number of moles of gas x 24

Example 1:
Calculate the volume of 0.2 moles of carbon dioxide at r.t.p.

1 mol occupies 24 dm?®. So 0.2 mol occupies 0.2 x 24 = 4.8dm°.

Example 2:

Calculate the mass of carbon dioxide present in 60 cm? of carbon
dioxide. M_[CO,] = 44

1 f indm®  0.06
rivlesefeh, = Dumesf gasfmdnTy = 0.0025 moles
= 24 24
mass of CO, = moles CO, x M = 0.0025 x 44
= 0.11g of carbon dioxide
Example 3:

Calculate the volume of carbon dioxide which is produced when
2.8g of butene burns in excess air.

C,H,(g) + 60,(g) —> 4CO,(g) + 4H,0()
M [butene] = 56 moles of butene = 2.8/56 = 0.05 moles

From the equation, 1 mole of butene produces 4 moles of
carbon dioxide.

So 0.05 moles of butene will produce 0.05 % 4 = 0.2 moles of
carbon dioxide.

SUMMARY QUESTIONS

0.2 moles of carbon dioxide gas will occupy 0.2 X 24dm?® = 4.8dm’.

1 Copy and complete using the words below:

any mole pressure room volume
of one

The A
temperature and . This is the same for

of a gas occupies 24dm? at

gas.

2 Calculate the percentage by mass of nitrogen in ammonium
nitrate, NH,NO,.

3 a Calculate the volume occupied by 119 of carbon dioxide
gas at r.t.p.

b What mass of nitrogen gas is present in 1200cm? of
nitrogen at r.t.p.?

4

Doctors need to know about gas volumes
when using equipment to help patients to
breathe

STUDY TIP

When working out gas
volumes, first And the
wimber of moles amn
then muttiptg this by
24 The volume is them
LA A, Remencber that
the wmolar gas volume ig
given at the bottom of
Your Periodie Table,

\

1 The percentage by mass of an
element in a compound can
be found using the relative
atomic masses and relative
formula masses.

2 For reactions involving
gases, the molar gas volume
(24dm? at r.t.p) can be used

to calculate reacting masses.

_4
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¢ Calculate percentage yield
* Calculate percentage purity

Supplement

STUDY TIP

Always show Your
working in caleulations
if a question (s worth
WwLore thaw One Marke. ff
You make an ervor at the
ssait = foy example, use amn
bneorrect molar mass —

You caw still demonstrate
how to dlo the rest of the

PRACTICAL

Percentage yield

When you carry out a chemical reaction in the laboratory not all the
reactants are changed to the products you want, This is because
there may be other reactions happening at the same time or the
reaction doesn’t go to completion. The word yield describes how
much of a particular product you can get from the reactants in a
chemical reaction. It is more useful to talk about percentage yield:

actual yield

————x 1
predicted yield L

% yield =

The actual yield is the amount of product we get in a reaction. We
don't know what this will be until we have weighed the product. The
predicted yield is found by using relative formula masses together
with the equation for the reaction to calculate the maximum amount
of product we could get from a given amount of reactants. This is
sometimes called the theoretical yield, because we have calculated it.

Example:

A student reacts 9g of aluminium powder with excess chlorine.
The mass of aluminium chloride produced is 35.6g. Calculate the
percentage yield. A : Al = 27, 0 = 16.

The actual yield is 35.64.

The predicted yield is calculated using formula masses and the equation:
2Al + 3Cl, —> 2AIC,

1 mole of aluminium produces 1 mole of aluminium chloride.

Using formula masses: 27 g of Al produces 27 + (3 x 35.5)
= 133.5g of AlCl,

So theoretically 9g Al produces 9 x 1358 44.5¢g of AlCl,
, actual yield 356
O _— T —_— — — o
So % yield m—— T 100 s % 100 = 80%

treated as shown.

How much copper(II) sulfate can we get from malachite?

1 Put a known amount of crushed malachite
(copper carbonate ore) in a beaker. This is

_— v Copper(IT) sulfate
Sulfuric acid IJ Cgpper{”) cryrstals
Malachite =% / | \ sulfate = | 7

B fH solution
eat
Heat with excess Filter the mixture. The  Evaporate the water
sulfuric add filtrate is a solution of and weigh the
copper(I1} sulfate copper(II) sulfate
. actual mass of copper(Il) sulfate _ Extracting copper(Il} sulfate from malachite
% yield = —— = 100
predicted mass of copper(Il) sulfate )




Percentage purity

We said in Topic 1.7 that when a chemical company makes medical
drugs or food additives the products have to be very pure. However,
the product may still contain very small amounts of impurities mixed
with it. These impurities may be small amounts of unreacted starting
material, other products formed or additional products caused by
unwanted reactions. You can work out percentage purity in a similar
way to percentage yield:

mass of pure product

% purity = - » 100
mass of impure product

Example:

A chemist made 609 of aspirin. Chemical analysis showed that this
sample contained 58.5g of pure aspirin and 1.5¢g of impurities.
Calculate the percentage purity of this aspirin sample.

; mass of pure product
% purity = . il > 100
mass of impure product

58.5

=—=x 100
60

= 97.5% pure

The impurities make up (100-97.5)% = 2.5% of the product.

SUMMARY QUESTIONS

Silicon chips used far computers have to be
very pure

DID YOU KNOW?

The silicon chips used in
computers have to be so pure
that more than 600 steps are
needed to purify the quartz
used to make them.

1 Copy and complete using the words below:

actual equation masses predicted
product theoretical

The amount of made in a chemical reaction is called
the yield. We can use relative formula and the
stoichiometry of the to calculate the yield. The
predicted yield can also be called the yield.

2 When 11.50g of sodium reacts with excess chlorine, 22.3 g of
sodium chloride is made.

2Na + Cl, —> 2NaC|
A:Na=23, Cl =355

Calculate:
a the theoretical yield of sodium chloride
b the % yield.

3 A 26.5g sample of impure paracetamol contains 24.5g of

1 The percentage yield in a
chemical reaction is found by
comparing the actual yield
with the predicted yield.

2 The predicted yield is found

using relative atomic masses
and the stoichiometry of the
equation.

3 Percentage purity is given by

mass of pure product
mass of impure product

»x 100

pure paracetamol. Calculate the % purity of this paracetamol.

_4
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¢ Calculate empirical formulae
* Calculate molecular formulae

A tiny difference in the amount of iren in the
ore might not seem very much, but when
millions of tonnes of iron ore are extracted
and processed each year, it all adds up!

Finding the empirical formula

In Topic 5.4 we worked out the percentage by mass of an element in
a compound. We can also do this the other way around to find the
formula of a compound. If we know the masses of each element that
combine to form a compound, we can work out its formula.

This formula is called the empirical formula.

The empirical formula shows the simplest whole number ratio of
the elements present in the compound. For example, the empirical
formula for hydrogen peroxide, H,0,, is HO. The formula of an ionic
compound is always its empirical formula.

PRACTICAL

Finding the formula of magnesium oxide

1 Burn a weighed amount of magnesium (0.6g) in a crucible.
The magnesium reacts with the oxygen in the air to form
magnesium oxide.

2 When the apparatus has cooled, weigh the magnesium oxide
formed. In this experiment it was 1.0g.

mass of
magnesium

mass of oxygen in  _
magnesium oxide

mass of magnesium
oxide formed

= 1.0-06 = 0.4g

We can calculate the empirical formula from these results
knowing A [Mg] = 24 and A [O] = 16:

moles of magnesium atoms = % = 0.025 mol

0.4
moles of oxygen atoms = e 0.025 mol

The numbers of moles of magnesium and oxygen atoms are
equal, so the empirical formula of magnesium oxide is MgO. /

Worked example 1:

Analysis of a compound of tin (Sn) and chlorine (Cl) showed that the
tin chloride contained 29.75g of tin and 35.5g of chlorine. Calculate
the empirical formula of tin chloride. A[Sn] = 119; A[Cl] = 35.5

Sn cl
Step 1: note the mass of
each element 29.759 3559
Step 2: divide by the relative 29.75 5
A TaE 0.25mol EE 1.0mol
Step 3: divide each by the 0.25 _ 1 1.0 _ 4
lowest number of moles 0.25 0.25
Step 4: write the formula Snd,




You can also do calculations based on the percentage by mass of the
elements in the compound. This works in the same way except you
are dealing with percentages.

juawa|ddng

Worked example 2:

A compound of carbon and hydrogen contains 80% carbon and 20%

hydrogen by mass. Calculate the empirical formula of this compound. STUDY TP
AlC]=12;A[H] =1 .
[C] [H] ¢ H Wh-‘fw caleulati
emplrical
N 30 20 P formulae,
. ~ O —_ — —_— =
Step 1: divide %s by A, = 6.67 1 20 make sure that between,
667 20 steps 1 and 2 You don't
Step 2: divide by lowest — =1 —— =299 Foung up th
0 y 567 667 P the figures.

This oftem leads
Notice that 2.99 is very near 3, so the ratiois 1 : 3 and the empirical e to ervors.

formula is CH..

Finding the molecular formula

The molecular formula shows the actual number of atoms in a
molecule. For example, ethane has the empirical formula CH, but its

molecular formula is C;H,. To find the molecular formula we need to
know: : - DID YOU KNOW?

« the relative formula mass of the compound - this is usually found Modern equipment for the

by using an instrument called a mass spectrometer analysis of carbon, hydrogen and
nitrogen allows the empirical

formula for a compound to
0.001 gram of material. /

* the empirical formula of the compound.

A compound has the empirical formula CH,. Its relative formula mass
is 84, Calculate its molecular formula. A[[C] =12 AF[H] =

Step 1: find the empirical formula mass 12+2x1)=14

Step 2: divide relative formula mass by 84

empirical formula mass 14 6

Step 3: multiply the empirical formula by
the number calculated in Step 2 6xCH,=CH,

SUMMARY QUESTIONS

1 Copy and complete using the words below:

1 An empirical formula
shows the simplest whole

atomic dividing empirical lowest mass ratio number ratio of atoms in a

The formula shows the simplest whole number of compound.

atoms in a compound. It is found by the of each 2 The empirical formula can be

element by its relative mass and then dividing by the found using the mass of the
number to get the ratio of atoms. elements present and their

2 A compound contains 92.3% carbon and 7.7% hydrogen. relative atomic masses.

Calculate its empirical formula. A[C] = 12; A[H] = 1 3 A molecular formula shows
the actual number of atoms

3 Calculate the molecular formula of an oxide of phosphorus ‘
present in a molecule of a

which has an empirical formula P,O, and a relative molecular
mass of 284. A[O] = 16; A[P] = 31 / compound. /




Supplement

* Know the units of
concentration in solutions

* Understand how to calculate
the concentration of a

solution -

Conc Y‘u’ol ume

(mol/dm?) T (dm3)

_ Cover the moles to show

the equation for finding

moles from concentration

and volume

STUDY TIp

Mole calewlatione

bwvolving concentratione

are easier if you

change cm® to dims gy
thew wse the formula
concentration = i bey
of woles + volume of
solution i dm=,

—

Titrations give valuable practice in calculating

solution concentration

Solution concentration

The concentration of a solution is the amount of solute dissolved in
1dm? of solution. The units of concentration are therefore mol/dm?.

number of moles of solute
volume of solution (dm?)

concentration (mol/dm?) =

There are two points to note about this equation:

* You may be given the amount of solute dissolved in grams. You
need to convert this into moles.

* You may be given the volume in cm® (dm® = cm?/1000).

You will also need to be able to rearrange the equation so that you
can calculate moles when given concentration and volume:

concentration volume of solution
(mol/dm?) (dm?)

Two worked examples of calculations involving concentration are
shown below:

number of  _
moles of solute

Example 1:

Calculate the concentration in mol/dm? of a solution of sodium
hydroxide, NaOH, containing 4 g of sodium hydroxide in 50cm? of
solution. A [Na] = 23, A [O] =16, A [H] =1

Step 1. change grams to moles —— = 0.1 mol NaOH
(23 +16 + 1)

50/1000

Step 2: change cm? to dm? 0.05dm?

Step 3: concentration (mol/dm?) =

number of moles of solute 0.1
volume of solution (dm?) 0.05

2 mol/dm? NaOH

Example 2:

Calculate the mass of potassium hydroxide in 20 cm?® of a solution of
concentration 0.4 mol/dm?®. M, [KOH] = 56

Step 1: change cm? to dm? 20/1000 = 0.02dm?
concentration .. volume of solution
(mol/dm?) (dm?)

= 0.4 x 0.02 0.008 moles KOH

mass moles x M _[KOH]
0.008 x 56 = 0.448¢

Step 2: moles of solute =

Step 3: change moles to grams

Titrations

We can find the concentration of alkali needed to completely react
with an acid using a procedure called a titration. In a titration,
the concentration of one of the solutions is known accurately.




We put this solution into the burette. We put a measured volume of
the other solution into the titration flask and add an indicator. The
indicator will change colour when the reaction is complete.

We then run the solution from the burette into the flask until the
indicator changes colour. We can then use the burette reading
together with the known concentration of the solution in the burette
to find the concentration of the solution in the flask.

Worked example:

You put 25cm? of sodium hydroxide of unknown concentration into
a flask with some indicator.

The indicator changes colour when 30cm? of hydrochloric acid
of concentration 0.2 mol/dm? has been added from the burette.
Calculate the concentration of the potassium hydroxide in mol/dm?,

KOH + HO — Kd + H,0
Step 1: calculate the moles of hydrochloric acid used

moles = concentration x volume (in dm?)

30

= 0.2 X = 0.006 mol HCI
1000

Step 2: look at the equation to find the ratio of KOH to HCl; in this
case itis1:1.

So moles HCl = moles KOH = 0.006 mol KOH
Step 3. change moles of KOH to concentration in mol/dm?:
number of moles of solute

volume of solution (dm?)
~ 0.006

———— = 0.24 mal/dm® KOH
SUMMARY QUESTIONS

concentration (mol/dm?) =

0.025
1 Copy and complete using the words below:
alkali concentration moles titration volume

We can find an unknown solution of an alkali by
carryingouta  with an acid. The first step in the
calculation is to use the concentration and of the
acid to find the of acid used. We can then find the
concentration of the in mol/dm?.

2 The equation shows the reaction of sulfuric acid with sodium
hydroxide:

H,50, + 2NaOH —> Na,50, + 2H,0

25cm? of sulfuric acid of concentration 0.2 mol/dm? reacted
with exactly 10 cm? of sodium hydroxide. Calculate:

a the number of moles of sulfuric acid present

b the number of moles of sodium hydroxide reacting

20 Titration apparatus

DID YOU KNOW?

Quality control testing for the
amount of chlorine in bleach

is still regularly carried out by
titration.

¢ the concentration of the sodium hydroxide in mol/dm?. /

1 Solution concentration is
calculated as number of
moles dissolved in 1dm3.

2 The mass of solute dissolved
in a solution can be found
if the concentration and
volume of a solution are
known as well as the relative
formula mass.

3 We can use titration to
calculate an unknown
solution concentration.
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SUMMARY QUESTIONS

1 Calculate the relative formula mass of;

(a) CaBr, (b) NaNO,
(c) ALO, (d) Na,sO,
(e) AL(SO,), (f) PCl,

2 Copy and complete using the words below:

actual amount formula
molecular
theoretical

limiting
product relative
yield

The relative mass is found by adding
the atomic masses together. For
ionic substances, we use the phrase relative
mass. The amount of made in a
reaction depends on the reagent. The
percentage can be found by comparing
the yield with the yield calculated
from the of limiting reactant present.

3 Match the words on the left with the phrases
on the right.

the reagent that is not

Avogadro number i, oxcess

the number of specified
particles in one mole of
those particles

molar gas volume

the sum of the relative

limiting reagent 2
atomic masses

relative molecular
mass

the volume occupied by
one mole of any gas

4 Calculate the number of moles of:
(a) bromine molecules in 2.4 g of bromine, Br,
(b) iron atoms in 9.6 g of iron oxide, Fe,0,
(c) sulfuric acid in 0.49 g of sulfuric acid,
H,SO,
(d) chloride ions in 79.17 g magnesium
chloride, MgCiE.
5 Calculate the volume in cm?® at r.t.p. of:
(a) 0.3 moles of neon
(b) 1.5 moles of carbon dioxide
(c) 0.03 moles of ammonia
(d) 0.0005 moles of nitrogen.

PRACTICE QUESTIONS

1 Iron reacts with hydrochloric acid to form
iron(Il) chloride, FeCl,, and hydrogen.

(a) Write a balanced equation for this
reaction. [3]

(b) When 28g of iron reacts with excess
hydrochloric acid, 63.5 g of iron(II)
chloride and 1 g of hydrogen are formed.

(i) Calculate the mass of iron(II) chloride
formed from 7 g of iron. [1]

(i) Calculate the mass of iron that will be
needed to produce 10 g of hydrogen.
[1]

(Paper 3)

2 3.2g of iron is added to 50cm?® of 1.0mol/dm?
sulfuric acid.
Fe+ H50, —= FeS0, +H,
(a) Calculate the number of moles of sulfuric
acid present. (1]
(b) Show by calculation that iron is in excess.

2]

6 What is the mass of:
(a) 0.5moles of hydrogen chloride, HC
(b) 0.2 moles of calcium nitrate, Ca(NO,),
(c) 0.015moles of sodium sulfate, Na,SO,
(d) 3moles of phosphorus(V) chloride, PCl.?

7 Calculate the moles of gas in:
(a) 1680cm? of carbon dioxide
(b) 960 cm? of nitrogen
(c) 240 cm? of neon
(d) 96 dm? of oxygen.
8 Calculate the concentration in mol/dm? of the
following solutions:

(a) 0.5moles of hydrochloric acid in 500 cm?
of solution

(b) 0.15moles of magnesium chloride in
250 ecm’ of solution

(c) 5.85g of sodium chloride in 100cm’ of
solution

(d) 4.9g of sulfuric acid in 250 cm?® of solution

4




(c) Calculate the mass of iron remaining after
the reaction is complete. [2]

(d) Calculate the maximum volume of hydrogen
formed in the reaction at r.t.p. 2]

(e) Calculate the theoretical yield of iron(II)
sulfate at the end of the reaction. [2]

(f) The actual yield of iron(II) sulfate was
3.61g. Calculate the percentage yield. /2]
(Paper 4)
3 A solution of potassium hydroxide of unknown
concentration was titrated with sulfuric acid.

(a) Describe how to carry out an acid-alkali
titration. [4]

(b) Write a balanced equation for the reaction of
potassium hydroxide with sulfuric acid.  [2]

(c) It required 15cm? of 0.05mol/dm? sulfuric
acid to neutralise 25 cm? of potassium
hydroxide. Calculate;

(i) the number of moles of sulfuric acid

in the titration [1]
(ii) the concentration of the aqueous
potassium hydroxide [2]
(iii) the mass of potassium hydroxide
dissolved in 25 cm? of solution. [1]
(Paper 4)

4 Compound Z contains 0.96 g of carbon,
0.16g of hydrogen and 2.84 g of chlorine.
No other elements are present.

(a) Calculate the empirical formula of Z. [3]
(b) The relative molecular mass of Z is 99,
Calculate the molecular formula of 2. [2]

(c) A different compound of carbon, hydrogen
and chlorine was made by reacting 8.1g of
chlarine with 1.6 g of methane.

CH, + C, — CH,C + HCl

(i) Show by calculation whether the

methane or chlorine is in excess. [2]
(ii) Calculate the theoretical yield of
CH_Cl. [1]
(i) The actual yield of CH.Cl was 3.79g.
Calculate the percentage yield. 2]
(d) CH,Cl is a gas. Calculate the volume of
5.05g of CH.Cl at r.t.p. 2]
(Paper 4)

5 Calcium carhonate reacts with hydrochloric acid;

CaCO, + 2Hd — CGad, + CO, + H,0

(a) Calculate the number of moles of
hydrochloric acid required to react exactly
with 5g of calcium carbonate. [2]

(b) What volume of 0.5mol/dm?® hydrachloric
acid will react exactly with 5g of calcium
carbonate? (2]

(c) Calculate the volume of carbon dioxide
produced at r.t.p. when 35 g of calcium
carbonate react with excess hydrochloric
acid. [3]

(d) A student crystallised the calcium chloride
produced in this reaction. The percentage
yield was only 90%.

(i) Give two possible reasons why the

yield was not 100%. [2]
(ii) Describe how to calculate percentage
yield. (2]
(Paper 4)

6 Ammonium nitrate, NH,NO,, and ammonium
sulfate, (NH,),S0,, are used as fertilisers.
(a) (i) Calculate the percentage by mass of
nitrogen in ammonium sulfate. [2]
(ii) Calculate the percentage by mass of
nitrogen in ammonium nitrate. (2]
(iii) Calculate the percentage by mass
of nitrogen in a mixture containing
4 parts of ammonium nitrate and
1 part of ammonium sulfate. (2]
(b) Ammonium nitrate can be made by
titrating ammonia with nitric acid.

NH, + HNO, —> NH,NO,

50cm?® of a solution of ammonia was
neutralised by 15cm? of nitric acid of
concentration 2 mol/dm?.

Calculate the concentration of the solution

of ammonia

(1) inmol/dm? (3]

(ii) in g/dm-. {1]
(Paper 4)




6 Electricity and chemistry

L

* Define electrolysis

* Describe the electrode
products and the
observations made during
electrolysis of molten lead(II)
bromide

* Predict the products of the
electrolysis of a specified
binary compound in the

molten state /

A bank of electrolysis cells being used to
extract aluminium

What is electrolysis?

Electrolysis is the breaking down of an ionic compound when
molten or in an agueous solution by the passage of electricity.
Electrolysis works for ionic compounds only when they are molten
(melted) or when dissolved in water. This is because ionic compaunds
conduct electricity only when they are in these states.

The electric current causes a chemical reaction that breaks down
the ionic compound. We say the compound decomposes.

The important parts of an electrolysis apparatus are shown in
Figure 6.1.1. We call this an electrolysis cell.

Direct current
power supply

Anode
(positive electrode)

Cathode
(negative
electrode)

Electrodes

Electrolyte

—I The key parts of an electrolysis cell

The compound that conducts electricity when molten and breaks
down during electrolysis is called the electrolyte.

The electrodes are rods that carry the electric current to and from the
electrolyte. They are normally made from an inert conductor, such as
graphite or platinum. This is so that the electrodes do not react with

/ DEMONSTRATION

The electrolysis of molten lead(II) bromide

g

Molten

Bromine
gas

Molten -~
lead(11) '
bromide Heat

Electrolysing molten lead(II) bromide




This experiment is carried out in a fume cupboard because
bromine is toxic and corrosive.

When the lead(IT) bromide is heated it begins to melt and the
lamp lights. This shows that an electric current is flowing and
the ions in the electrolyte are able to move around. The electric
current decomposes the lead(Il) bromide. Grey beads of molten
lead form at the negative electrode. At the positive electrode,

reddish-brown bromine gas is formed. 7

the electrolyte or the products of electrolysis. The positive electrode is
called the anode. The negative electrode is called the cathode,

Predicting the products of electrolysis

The equation for the electrolysis of molten lead(Il) bromide shows
that it is broken down into its elements, lead and bromine.

PbBr () —> Pb(l) + Br(g)

Does the same happen with other molten ionic compounds? The
table gives more examples of electrolysis of molten compounds using
inert electrodes.

STUDY Tip

Rewmember that L g,
eLectroLgte, it is the

tons that move, mot the
electroms.

—

DID YOU KNOW?

Seawater is the source of the

300 000 tonnes of magnesium
produced every year by
electrolysis.

compound product at the product at the
electrolysed cathode (- electrode) | anode (+ electrode)
aluminium oxide | aluminium oxygen

copper bromide | copper bromine

sodium chloride | sodium chlorine

zinc chloride zinc chlorine

You can see a pattern in the table. When the electrolyte decomposes,
a metal is formed at the cathode (negative electrode) and a non-metal
forms at the anode (positive electrode). So we can easily predict
the products of electrolysis of a molten ionic compound.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

anode cathode current electrodes -electrolyte

Electrolysis occurs when an electric passes through a
molten . The two rods dipping into the electrolyte are
called the . Metals are deposited at the and

non-metals are formed at the

2 What type of compounds can be electrolysed? What
conditions are needed for this electrolysis?

3 Predict the products formed at the anode and cathode when
the following molten compounds are electrolysed:
a sodium fluoride
b copper(Il) iodide

¢ zinc bromide. /

1 Electrolysis is the breakdown
of an ionic compound
(when molten or in agueous
solution) by the passage of
electricity.

2 An ionic compound can be
electrolysed only when it
is molten or in solution in
water.

3 When a molten ionic
compound is electrolysed,
a metal is formed at the
negative electrode and a
non-metal is formed at the
positive electrode. /
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* Describe the electrode
products and observations
made during the electrolysis
of concentrated hydrochloric
acid and concentrated

aqueous sodium chloride

Electrolysing concentrated aqueous sodium chloride

lonic compounds dissolve in water and conduct electricity.

So concentrated solutions of ionic compounds in water should also
decompose when they are electrolysed. But do they decompose in
the same way as a molten ionic compound?

* Predict the products of
electrolysis of a specified
halide in concentrated
aqueous solution

*» Describe the manufacture
of chlorine, hydrogen and
sodium hydroxide from
concentrated aqueous
sodium chloride

STUDY Tip

Remenmber that when,

a solutipn of sodiuim
chloride (g eLeatngsed,
hydregen is formed gt
the cathode wherens with
molten sodivm chloride
sodivwm is formed.

e

Although the electrolysis of

brine was discovered about

200 years ago, the large-scale
production of chlorine and
sodium hydroxide from brine

had to wait until the invention

of a dynamo which could

supply enough electric current. /

DEMONSTRATION
Electrolysing a concentrated solution of sodium chloride
Chlorine gas Hydrogen gas This experiment is done in
Sodium H a fume cupboard because
| chloride chlorine gas is toxic.
o | solution ; .
: An electric current is
’ passed through the
concentrated aqueous
F solution of sodium
r chloride. Hydrogen gas is
21 | 7 - collected at the negative
electrode (cathode) and
: chlorine is collected at the
\T positive electrode (anode).
+ Carbon rod CarbonD -
as anode (+) as cathode ()
When concentrated sodium
chloride is electrolysed,
chlorine forms at the anode

and hydrogen at the cathode.

__

If we electrolyse concentrated aqueous solutions of ionic metal chlorides
we find that chlorine is produced at the positive electrode. This is the
same result we get with the molten compounds. However, we do not
get a metal at the negative electrode — we get hydrogen instead.

Explaining the results

In concentrated solutions of ionic compounds in water we have a
greater variety of ions. Water itself is a weak electrolyte. It has a very
low concentration of hydrogen ions, H*, and hydroxide ions, OH".

H,0 == H* + OH

So in an aqueous solution of sodium chloride we have the following
ions: Na*, H*, CI-, OH~. So why is hydrogen given off at the cathode
instead of sodium?

The answer lies in the ion discharge series. This is a particular form
of the metal reactivity series (see Topic 13.2). The lower down the
series, the more likely it is that the ion will be discharged (changed
into an atom or molecule at the electrode). The order of this series is:



for positive ions: Na* Mg’ APP* H* Cu?*

more likely to be discharged

for negative ions: SO,” NO,” OH™ CI" Br I 1 Whe’_" concentrateq HGUEOUS
solutions of metal ions are
more likely to be d|scharged electrolysed, hydrogen rather
So when a concentrated aqueous solution of sodium chloride is than a metal is formed at the
electrolysed, hydrogen rather than sodium is discharged at the negative cathode.
electrode. This is because hydrogen is lower in the discharge series. o

y . . hydrochloric acid is
The electrolysis of concentrated hydrochloric acid electrolysed, hydrogen is
formed at the cathode and

When concentrated hydrochloric acid is electrolysed using inert )
chlorine at the anode.

electrodes, bubbles of hydrogen are given off at the negative
electrode. As the electrolysis continues, the concentration of 3
hydrogen ions falls and the acid gets used up. Bubbles of chlorine are
formed at the positive electrode since it is low in the discharge series.

When brine is electrolysed
in a diaphragm cell chlorine,
hydrogen and sodium

Supplement
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hydroxide are formed.

Electrolysing brine

Brine is a concentrated aqueous solution of sodium chloride. It is

obtained from seawater or from seams of rock salt underground.
The electrolysis of brine is used to produce chlorine, hydrogen and SUMMARY QUESTIONS

sodium hydroxide on a large scale. - d | o th
; : oo 1 Copy and complete using the
Chlorine is used to make solvents, for treating drinking water and for wo%s Belonr - -
making bleaches. Hydrogen is used for making ammonia, for making
margarine and as a fuel. Sodium hydroxide is used for making soap cathode concentrated
and in the extraction of aluminium. hydrogen hydroxide
- _ sodium
Brine is electrolysed in a I e w——r
diaphragm cell. i y ro:gi'nm" A aqueous solution
The ions in solution are Na*, J1 Il of sodium chloride contains
H* CF and OH-. __] _ , chloride, hydrogen
: o 9 Eﬁfgﬁé‘; ﬁgﬁane and ions. When this
At the anode: chlonde ions lose Soluion () met solution is electrolysed,
electrons and are discharged as rather than sodium is
chlorine gas: discharged at the
2CHaq) — C,(g) + 2e - E@g'{;::d? 2 State the products formed at
At the cathode; hydrogen ions solution the + and — electrodes when
accept glectrons and hydrogen (+) Positive () Negative the following are electrolysed:
gaS 15 dlscharged rathe!’ than electrode electrode a molten Sodium chlonde
sodium: (anade) (cathode) b i
————e e concentrated aqueous
o 6:2.2 | Electrolysing brine , ,
2H*(aq) + 2e- — H.(g) GMRENI Flectrolysing brine sodium chloride.
The ions remaining in solution are Na* and OH . So an aqueous 3 State the name of the
solution of sodium hydroxide is formed. products formed at each

electrode when concentrated
solutions of the following are
electrolysed:

a copper(Il) chloride
b hydrogen bromide

awe|ddng

¢ sodium iodide.

Salt is used for the manufacture of chlorine and sodium hydroxide by electrolysis /




* State that metals or hydrogen
are formed at the negative
electrode and non-metals
(other than H,) are formed at
the positive electrode

Electrolysis of dilute aqueous solutions

Water can be electrolysed. A little sulfuric acid, which contains
hydrogen ions and sulfate ions, is added to the water to improve
its conductivity. When water is electrolysed, hydrogen is formed
at the negative electrode and oxygen is formed at the positive
electrode.

£ R : The oxygen comes from the decomposition of the OH" ions in the
g Plreéitlct th'e p;OdUCE,?:d halid water. So oxygen is discharged rather than sulfate (see Topic 6.2).
9 ']_Enedi]LnySIS & alfpec[ulﬁ N IS8 This is because OH- is lower in the discharge series than sulfate.
& = aq‘uec? Sl ) We can therefore extend our general pattern of electrolysis to
7J ° Construct ionic half-equations state that metals or hydrogen are formed at the negative electrode
for reactions at the cathode and halogens or oxygen are formed at the positive electrode.
* Describe the transfer of
charge during electrolysis ]
.
; When dilute agueous solutions are electrolysed we can usually predict
& the electrode products from the discharge series. The table shows
< some examples.
=
&l | aqueous solution |ions present product at | product at | ions change to the
cathode anode remaining | electrolyte
potassium iodide K*, I, H*, OH- hydrogen iodine K+, OH- becomes alkaline
copper nitrate Cu?’*, NO,~, H*, OH" | copper oxygen H*, NO, becomes acidic
dilute sulfuricacid | SO,*, H*, OH hydrogen oxygen 50,7 water used up
From ions to atoms
STUDY TIp - ; ;
When an ionic compound is molten, the ions are able to move. When
Make sure that yow an electric current is applied, the positive ions move towards the cathode
Rnow the d L‘fﬁrg\, it which is the negative electrode. Positive ions are called cations because

L the products at each
electrode when dilute and
concentrated aquepus
sedivm chloride g
wolten sodivim eh loridle
are etectroLgsco{.

——

DID YOU KNOW?

Unwanted hairs on the face can
be removed by electrolysis. The
electrolyte is the salt solution
around the base of the hair. The
sodium hydroxide produced
during the electrolysis kills the

cells at the base of the hair.

they move towards the cathode. Negative ions move towards the anode,
which is the positive electrode. Negative ions are therefore called anions.

When the ions reach the electrodes they gain or lose electrons.

A reaction where electrons are lost is called an oxidation reaction.
A reaction where electrons are gained is called a reduction reaction
(see Topic 9.3). When lead(IT) bromide is electrolysed using inert
electrodes, a reduction reaction occurs at the cathode and an
oxidation reaction at the anode.

At the cathode, lead ions in the electrolyte take electrons from the
external circuit and become lead atoms. This is a reduction reaction
because lead ions gain electrons.

Pb?*(aq) + 2e- —> Pb(l)
This type of equation, which shows what is happening at only one of
the electrodes, is called a half equation. Half equations are a form

of ionic equation. In this case twao electrons are added to balance the
2+ charge on the lead ion.




At the anode, bromide ions in the electrolyte lose electrons to the
anode and become bromine molecules. This is an oxidation reaction
because bromide ions lose electrons.

2Br(ag) — Br, (g) + 2e

You will sometimes see this sort of equation written to show the
removal of electrons from the negative ion:

2Br(ag) - 2 — Br, (g)

" Figure 6.3.1 | Al the cathode metal ions gain electrons, At the anode non-metal
ions lose electrons.

Similar equations can be written for other molten electrolytes. The

metal ions gain electrons and the non-metal ions lose electrons.

What happens in aqueous solutions?

In aqueous solutions of metal salts, H* and OH- ions are present as
well as the ions from the salt. The less reactive element is discharged
at the cathode. So in a solution of sodium chloride, hydrogen ions,
rather than sodium ions, gain electrons. Hydrogen gas is formed:

2H*(aq)

When sulfuric or nitric acid or solutions of sulfates or nitrates are
electrolysed, oxygen is formed at the anode. The hydroxide ions in

the water, rather than the sulfate or nitrate ion, lose electrons. This is
because OH- ions are lower in the discharge series than sulfate or nitrate
ions. Oxygen gas is formed:

40H(ag) —> O,(g) + 2H,0() + 4e

SUMMARY QUESTIONS

2 — H.(g)

juawaddng

The first person to explain electrolysis was
Michael Faraday, who worked on this and many
other problems in science nearly 200 years ago.
His work formed the basis of an understanding
of electrolysis that we still use today,

O ‘ s

" ions from H,0
are discharged at the

@ .

negative
e/ H+ @ electrode as
Hz gas
e
' H:D
Figure 6.3.2 | Hydrogen ions rather than

sodium ions are discharged
al the cathode

1 Copy and complete using the words below:

anode cathode gas hydrogen lose oxygen positive

During electrolysis ions move towards the and
negative ions move towards the . At the cathode the
metal or ions gain electrons and form metal atoms
or hydrogen . At the anode the non-metal ions
electrons and form halogens or

2 Write half equations for the following electrolysis reactions:
a lead ions Pb’* reacting to form lead, Pb
b hydrogen ions reacting to form hydrogen gas
¢ hydroxide ions reacting to form oxygen and water

3 Explain the differences in the electrolysis products of:
a molten sodium chloride

1 In electrolysis, metals or
hydrogen are formed at
the negative electrode and
halogens or oxygen are formed
at the positive electrode.

2 When dilute aqueous
solutions of acids are
electrolysed, oxygen is formed
at the anode and hydrogen is
formed at the cathode.

yuawa|ddng

3 During electrolysis ions gain
electrons at the cathode and
lose electrons at the anode.

b a dilute aqueous solution of sodium chlaride. j

4




* Relate the products of
electrolysis to the electrolyte
and electrodes used

Supplement

* Describe and explain the

Copper-plated sheets being removed from an
electrolysis cell containing copper(ll) sulfate
electrolyte

DID YOU KNOW?

Copper ore is extracted from
the Collahuasi mine in Chile
and immediately refined to
produce 70 000 tonnes of
copper each year.

refining of copper )

Refining copper

Copper is an excellent conductor of electricity. Thousands of tonnes
of copper are used every year to make electrical wiring and pieces of
electrical equipment. Although copper is easily extracted from copper
ore, we need to refine it further. This is done to remove any impurities
that will reduce its electrical conductivity.

Copper is purified by electrolysis. We often call this copper refining. An
impure strip of copper is connected to the positive end of a pawer supply.
This forms the anode. A thin strip of pure copper is connected to the
negative end of the power supply. This forms the cathode. The electrolyte
is a solution of copper(Il) ions, usually copper(Il) sulfate solution.

Positive electrode: ~ Power Negative
a bar of supply electrode:
impure i 1| a thin sheet
copper of pure
copper
Sludge Copper(Il)
containing sulfate
impurties ; solution
Flow of copper ions,
Cu* (ag)

_ Copper is refined using electrolysis

At the anode (the positive electrode), copper atoms lose their valency
electrons and form copper ions. These go into solution as part of the
electrolyte:

Cu(s) — Cu?*(aqg) + 2e

At the cathode (the negative electrode), copper ions from the
electrolyte gain electrons and form copper atoms. These copper
atoms are deposited on the strip of pure copper:

Cu*(aq) + 2e ——= Cu(s)

As the electrolysis proceeds the cathode becomes thicker as it gains
more and more copper. After a time the cathode of pure copper is
removed and replaced by a new one. The anode loses mass and the
impurities fall to the bottom of the electrolysis cell as ‘anode slime’.
Other valuable metals such as gold and platinum can be extracted
from this ‘anode sludge’.

The overall result of this electrolysis is that pure copper is transferred
from the anode to the cathode.




Changing the electrodes
We can also electrolyse copper(Il) sulfate using inert electrodes
(graphite or platinum) or metal electrodes.

There are some differences in the products of electrolysis which are
influenced by the type of electrodes we use.

Copper(IT} sulfate ' 4
Copper electrodes solution Graphite electrodes

| The products of electrolysis depend on the type of electrodes used

The ions present in an aqueous solution of copper(Il) sulfate are
Cu®*(aq), SO, (aq), H*(aq) and OH(aqg).

Electrolysis with inert electrodes:

¢ At the anode:

The anode cannot lose electrons because it is inert. Hydroxide ions
rather than sulfate ions are discharged. This is because hydroxide
ions are lower in the discharge series. Oxygen gas bubbles off.

40Haq) —> 0,(g) + 2H,0() + 4de

e At the cathode:

Copper ions rather than hydrogen ions are discharged because they
are lower in the discharge series. Copper metal is deposited.

Cu?*(ag) + 2 — Cu(s)

* The electrolyte gradually loses its blue colour. This is because the
copper ions in solution are turning to copper atoms at the cathode
but are not being replaced in the solution at the anode (see below).

Electrolysis with copper electrodes:

* At the anode:

Because the anode is not inert, it loses electrons and copper ions
go into solution. The anode gets smaller.

Cu(s) — Cu’*(aqg) + 2¢

* At the cathode:
Copper ions rather than hydrogen ions are discharged because they
are lower in the discharge series.
Cu’*(ag) + 2e- —> Cu(s)
* The electrolyte remains the same deep blue colour. This is because

the copper ions removed from the solution at the cathode are
replaced in solution by copper ions formed at the anode.

STUDY TIp

juawaddng

Rementber that L,
eLectroLgsis the electrodes
are usually tnert
(gmphitc or platimium).
If the anode ie mot lnert,

’Lt Will react augl decrease
L size.

|

1 Copper is purified by using
an impure copper anode and
a pure copper cathode.

2 During electrolysis using
inert electrodes the negative
ions in the electrolyte lose
electrons to the anode.

3 In electrolysis using metal
electrodes the metal atoms
of the anode lose electrons to

form positive ions. /

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

cathode copper
electrolysed impure
solution

When a solution of copper(Il)
sulfateis ~ using
electrodes the copper atoms
atthe  anodegointo
as copper ions. At the
the copper ions turn
into copper atoms.

2 Draw a table to summarise
the similarities and differences
when copper(Il) sulfate
solution is electrolysed using:
a platinum electrodes

b copper electrodes.

4




* Describe the electroplating of
metals

¢ Qutline the uses of
electroplating

=

attractive

STUDY Tip

Mff-th electroplating,
think about what (¢
happening at each
electrode ang am

changes Lt the colpuy of
the electrolyte.

Plating articles with metal makes them more

Electroplating metals

Electroplating is used to put a thin layer of one metal on top of
another metal. This is acheived by electrolysis.

* We connect the object to be electroplated to the negative pole of the

power supply. It becomes the cathode. The object can be anything
which is made of metal. For example, we can electroplate a spoon
or a small metal statue. The object to be electroplated must be very
clean so that the metal which is to cover it does not flake off.

The plating metal is connected to the positive pole of the power
supply. It becomes the anode. Some typical metals used for plating

are silver, gold, tin and chromium.

The electrolyte is a solution of an ionic compound of the plating
metal. For example, if you want to plate an object with silver, you

can use silver cyanide as the electrolyte.

PRACTICAL

Electroplating with copper

When you pass an electric
current, the steel ring gets
covered with a thin layer of
copper. The copper anode
gradually gets smaller as the
copper is transferred from the
anode to the steel cathode. The
colour of the copper(Il) sulfate
electrolyte does not change
because copper ions removed
from solution at the cathode
are continually being replaced

at the copper anode.

Copper(Il}sulfate
solution

Steel ring
cathode (-}

) to be copper

plated

_ Electroplating apparatus/

How electroplating works

Ag(s) —> Ag*(ag) + e

Ag*lag) + e — Ag(s)

Electroplating works in the same way as metal refining using
electrolysis. Figure 6.5.2 shows what happens when an object is
electroplated with silver.

At the anode the silver atoms lose electrons. They become silver ions
which go into solution.

The silver ions move to the cathode. At the cathode the silver ions
gain electrons to become silver atoms which form a thin layer of silver
on the surface of the object to be plated.

juawa|ddns




Supplement

i

Silver Ag Agh e
anode — +— Nickel spoon
; _ to be plated
Ag +e §>Ag | (athode)

il A
Silver cyanide solution

5.2 | When an object is electroplated the metal ions formed at the anode
are transferred to the cathode where they are deposited as a metal

Supplement

Uses of electroplating

Copper, chromium, nickel, silver and tin are the most commonly used
metals for electroplating articles. Mixtures of metals can also be used
for plating. There are two main reasons for electroplating: protection
of metals from corrosion and improving their appearance.

Protection of metals from corrosion

Steel cans are electroplated with tin. The layer of tin protects the
metal underneath from the air and water so that it does not rust.

If the layer of tin is scratched the metal underneath will start to
corrode. Chromium is used to plate the metal parts of furniture,
hicycle handlebars and the "trim’ on cars. Chromium is very hard, so it
does not scratch easily. It also gives a pleasing shiny appearance.

Improving the appearance of metals

Chromium plating gives a very shiny surface to objects that does not
go dull. Silver plating is used for jewellery, cutlery and in electronics
where it would be too expensive to use solid silver. Gold plating is also
used for jewellery and for specialised electronic equipment.

SUMMARY QUESTIONS

DID YOU KNOW?
China has more than 1200

companies which specialise in
electroplating articles.

1 Copy and complete using the words below:
anode cathode electrolyte plate solution

To electroplate an object you make the object to be electroplated
the . The is the metal that will the surface. The
is a of a compound of the plating metal.

2 A student wants to electroplate a piece of copper with
chromium. Draw a labelled diagram of the apparatus that the
student could use.

1 An object can be
electroplated by making
the object to be plated the
cathode.

2 In electroplating, the metal
object to be plated is the
cathode and the electrolyte is
a solution of a compound of
the plating metal.

3 Using half equations explain how silver can be used to
electroplate an object.

3 When an article is
electroplated the ions of the
plating metal gain electrons
at the cathode and become
metal atoms.

Juawa|ddng
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Supplement

* Describe the extraction of
aluminium from bauxite
including the role of cryolite
and the reactions at the
electrodes

Mining bauxite

DID YOU KNOW?

The Frenchman Paul Herault
and the American Charles Hall
both discovered how to extract
aluminium by electrolysis.
Neither knew about the other’s
discovery until in 1886 there
was a long legal battle to decide
who made the discovery first.

4

Metals such as iron and copper have been in use for thousands of
years. People learned how to extract iron from its ores thousands
of years ago. This required heating with carbon (see Topic 14.1).
Reactive metals such as aluminium, magnesium and sodium cannot
easily be extracted by heating with carbon.

It was not until electrolysis was discovered nearly 200 years ago that
scientists could begin to work out how to get these reactive metals
from their compounds. In fact, it was not until 1886 that the first small
drops of liquid aluminium were extracted from aluminium oxide,

Aluminium oxide from aluminium ore

Aluminium is the most abundant metal in the Earth's crust. It is
found in the mineral ore bauxite which contains 50-65% aluminium
oxide, ALLO,. Aluminium oxide is sometimes called alumina. The main
impurities in bauxite are oxides of iron, silicon and titanium.

The first step in aluminium extraction is to purify the ore. The ore is
first crushed and mixed with sodium hydroxide. The aluminium oxide
reacts with the sodium hydroxide and dissolves.

ALLO,(s) + 2NaOH(aq) — 2NaAlO,(aq) + H,0()
aluminium oxide sodium aluminate

The impurities are insoluble in sodium hydroxide. These are filtered
off. The sodium aluminate undergoes further treatment and is finally
heated to make pure aluminium oxide.

Extracting aluminium from aluminium oxide

Electrolysis to produce aluminium is carried out in shallow electrolysis
cells about 8 metres long and 1 metre deep. In order to carry out
electrolysis, the aluminium oxide needs to be molten. Aluminium
oxide melts at about 2040 °C. It is difficult to keep the electrolyte at
this high temperature for long periods of time. In addition, it is too
costly because it needs so much energy — and energy is expensive.
Aluminium oxide on its own is a poor conductor of electricity.

The problem is solved by dissolving the aluminium oxide in large
amounts of molten cryolite. Cryolite, which is sodium aluminium
fluoride, Na,AlF_, melts at about 1000 °C. Since the aluminium oxide
is dissolved in the cryolite, the melting point of the electrolyte is much
lower compared with pure aluminium oxide.

Dissolving the aluminium oxide in cryolite not only saves a lot of
energy but also improves the electrical conductivity of the electrolyte.
Calcium fluoride, CaF, is often added to lower the melting point
further. In most cases the melting point of the electrolyte is about
900 °C.




Carbon anodes (+}
Siphon tube 1 + I+ L }
Carbon cathode (=) —— 5 e

Molten aluminium .. -
oxide and cryalite 1

| Molten aluminium

8.6 The electrolytic cell used in the extraction of aluminium

Electrolysis is carried out using graphite electrodes. The overall
equation for this electrolysis is:

2,0, —> 4Al + 30,

The cathode is the carbon lining of the steel electrolysis cell. Several
anodes, which can be raised or lowered, dip into the electrolyte. The
very high electric current (40 000 amps) used in this electrolysis not only
decomposes the aluminium oxide but also keeps the electrolyte molten.

At the cathode, aluminium ions gain electrons and are reduced to
aluminium metal. The liquid aluminium metal falls to the bottom of
the cell. It is removed from time to time using a siphon tube:

APt + 3 —» Al
At the anode, the oxide ions lose electrons and are oxidised to
oxygen:

200 —> 0, + 4e

The oxygen reacts with the hot carbon anodes to form carbon
dioxide gas. Because the carbon anodes "burn away’ they need to be
replaced from time to time.

SUMMARY QUESTIONS

1 Copy and complete using the words below:
conductivity cryolite dissolved energy

Aluminium is extracted by the electrolysis of molten aluminium

lower pure

oxide in This mixture melts ata much
temperature than aluminium oxide. Therefore a lot of

is saved and the electrical of the electrolyte is
improved.

2 Explain why during the electrolysis of aluminium oxide
dissolved in cryolite, the carbon anodes have to be replaced
from time to time.

3 Balance this half equation by adding electrons to one side of
the equation:

4ABT —> 4A )

STUDY TIP

You do wot have to
learn the diagram of
the cell wsed tp extract
aluminivm but Yo
should be able +p Label
the different payts, You
sh?uw! also be able tp
write half equations

for the reactions at the
electrodes.

1 The electrolytic cell for the
extraction of aluminium has
carbon anodes and cathode.

2 The electrolyte in the cell is
molten aluminium oxide,
dissolved in molten cryolite to
lower its melting point.

3 During the electrolysis of
molten aluminium oxide in
cryolite, aluminium forms at
the cathode and oxygen is

released at the anode. /
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* Describe reasons for the use of
steel-cored aluminium in high-
voltage electrical cables and
copper in electrical wiring

* Explain why plastics and
ceramics are used as

insulators //

DID YOU KNOW?
More than 17 000 000 tonnes

of copper are extracted from
copper ores every year.

Conductors

Conductors are substances which have a low resistance to the
passage of electricity. In other words, they allow electricity to

flow through them easily. Metals and graphite conduct electricity
because they have mabile (free-moving) outer shell electrons in their
structures. Most metals are good conductors. Copper, silver and gold
are among the best conductors of electricity.

PRACTICAL

Comparing conductors

Crocodile dip

Metal

_ Comparing the electrical

conductivity of solids

The electrical circuit is set up and the ammeter reading is
recorded. By placing wires made of different metals in the circuit,
we can compare their conductivity. To make it a fair test, we use
the same length and thickness of wire for each metal.

=

Copper is commonly used in electrical wiring and in thicker electricity
cables because it is a good conductor of electricity. It is also easily
drawn into wires — it is ductile — and it is easily purified by electrolysis.

Thick wires can carry a larger electric current more safely than thin
wires. If a wire is very thin, the electrons have to move through a
narrow space. The “friction’ produced causes a lot of heat and the
wire may even melt. We use very thick wires in the high-voltage
power lines used to transfer electricity over long distances as these do
not lose as much heat to the air as do a lot of thin wires.

Electricity pylons

Steel-cored
aluminium
cables

— A steel-cored aluminium cable




High-voltage power lines are sometimes made from aluminium cables
with a steel core in the middle. The steel gives the cables additional
strength to stop them sagaging and breaking.

Aluminium is used in high-voltage power lines because it is a good
conductor of electricity. It also has a low density — this is important
if very thick wires are suspended in the air over long distances,
Aluminium is also resistant to corrosion.

Insulators

An insulator is a substance that resists the flow of an electric current
— it does not conduct electricity. Insulators do not conduct electricity
because they do not have mobile electrons. Examples of insulators
include plastics, glass and ceramic materials made by heating clay.

Plastics such as PVC are useful insulators, not only because they do
not conduct electricity: they are also flexible and non-biodegradable.
This makes them useful for covering electrical wires so that we do not
get an electric shock ar form short circuits in electrical equipment.
Plastics like PVC are less useful as insulators where high electric
currents are used. The heat of the electric current can easily melt

the plastic. If there is a danger of this, plastics called thermasetting
plastics can be used.

Ceramics and glass are useful insulators, not only because they do
not conduct electricity: they also have very high melting points so
do not melt when high electric currents flow. For this reason they
are used in high-voltage electricity towers to keep the wires from
touching the metal pylons or from touching each other. Other
advantages of ceramics are that they are not affected by water or air
and they can be moulded into complex shapes.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

current electricity melt resistance thicker thin

Conductors have a low to the passage of . The
an electrical wire the greater is the amount of
that can flow through it. A _ wire will heat up when an

electric current passes through it. It may even
2 What do you understand by the term insulator?

3 Explain why steel-cored aluminium wires are used for high-

voltage power cables.

QOverhead power lines have to be strong as
well as good conductors of electricity

STUDY TIp

It is a common mistake
to think that the steel
core L .‘;Lcatrici.téj cables
Ju:st comducets electriolt
lt s also there tp

strengthen the cables.

~

1 Steel-cored aluminium
cables are used in high-
voltage power lines
because aluminium is a
good conductor and steel
strengthens the cable.

2 Insulators such as plastics
and ceramics prevent an
electric current flowing.

3 Copper is used in electrical
wiring because it is a good
conductor of electricity.




SUMMARY QUESTIONS

1 Classify the following as either conductors or
insulators:

(a) molten sodium chloride
(b) iron
(c) plastic
(d) wood
(e) sugar
(f) a solution of sodium bromide
2 Define these terms:
(a) electrolyte
(b) electrode
(c) ion
(d) insulator
(e) electroplating
3 Match each electrolyte on the left with two
of the possible products of electrolysis on the

right. Each product can be used once, more
than once or not at all.

molten lead chloride chlorine
concentrated agueous I —
sodium chloride yarog
concentrated lead
hydrochloric acid
dilute aqueous oxygen
sodium chloride :
sodium

4 Draw and label the apparatus used to
demonstrate:

(a) the electrolysis of molten zinc chloride
(b) how well a solid conducts electricity.
5 Predict the products at each electrode during
electrolysis of the following molten salts:
(a) zinc chloride
(b) potassium bromide
(c) lead iodide
(d) magnesium chloride

PRACTICE QUESTIONS

1 Which one of these statements about the
electrolysis of molten lead(Il) bromide is true?

A Lead is formed at the positive electrode.
B Hydrogen is formed at the negative electrode.
C Bromine is formed at the negative electrode.
D Bromine is formed at the positive
electrode.
(Paper 1)

2 Which of the following statements about
the transfer of charge during electrolysis is
correct?

A Electrons move through the electrolyte.

B At the cathode, positive ions accept
electrons,

C Negative ions get reduced at the anode.
D lons move round the external circuit from
the cathode to the anode.
(Paper 2)

3 Lead(II) bromide can be electrolysed using the
apparatus shown below:

"l

D

C

Malten lead(IT)
bromide

Heat

6 Copy and complete the paragraph using
these words in the list below:

accept anode aqueous attracted
cathode deposited electrolyte
electrons plated smaller

Supplement

Tin can be onto steel by electrolysis.
The steel is made the and the tin is
made the . The is an

solution of tin(IT) chloride. During electrolysis,
the tin anode gets in size because tin
loses and tin(II) ions go into solution.
These ions are to the steel cathode. At
the cathode, tin(Il)ions electrons and
tinis

7 Describe how sodium hydroxide and chlorine
are manufactured from brine. Give details of:

(a) the electrodes
(b) the reactions at each electrode

(c) why a solution of sodium hydroxide is
formed.




(a) Which letter represents the anode? [1]
(b) State the products formed at

(i) the anode and (ii) the cathode. [1]
(c) Complete the equation for this electrolysis:
PbBr () —> +_ [2]

(d) The electrolyte is molten lead(II) bromide.
What do you understand by the term
electrolyte? [1]

(e) (i) Suggest a suitable substance which

can be used to make the electrodes.
[1]

(ii) State two properties that a suitable
electrode should have. [2]

(Paper 3)

4 The table below shows the electrical
conductivity of substances A-F.

compound A|B|C]|DJ|E F

conductivity/ |0.7| 0 | 0 | 1.1]0.8|0.7
S/m

(a) Which substance in the table is the best
electrical conductor? [1]

(b) Steel-cored aluminium cables are used for
conducting high-voltage electricity over
long distances.

(i) Give two reasons why aluminium is

used for these cables. 2]
(i) What is the purpose of the steel core?
[1]

(Paper 3)
5 An aqueous solution of lithium chloride is
electrolysed using carbon electrodes.

(@) Explain why a solution of lithium chloride
conducts electricity but solid lithium

chloride does not conduct. [2]
(b) State the names of the products formed at
(i) the anode and (ii) the cathode. [2]

(c) Write half-equations for the reactions at
(i) the anode and (ii) the cathode. [2]

(d) Explain why lithium is not deposited at the
cathode. [2]

(e) Suggest another compound that will
give the same products at the anode and
cathode when electrolysed. [1]

(Paper 4)

6 The electrolysis of a concentrated solution
of sodium bromide produces bromine at the
anode and hydrogen at the cathode.

(a) (i) Explain why sodium is not formed at

the cathode. [1]
(ii) Explain why bromine and not oxygen
is formed at the anode. {1]

(b) Write half-equations for the reactions
occurring at

(i) the cathode and (ii) the anode. [2]
(c) At which electrode is oxidation taking
place? Explain your answer. (2]

(d) Predict the products of electrolysis at the
cathode and anode if a very dilute solution
of sodium bromide is electrolysed. [2]

(Paper 4)

7 Aluminium is extracted by electrolysis. The
electrolyte is a mixture of aluminium oxide and
cryolite. The electrodes are made of graphite.
(a) Write an overall equation for this

electrolysis. [2]
(b) Write half-equations for the reactions at

(i) the anode and (ii) the cathode. [2]
(c) Explain the purpose of the cryolite in the

electrolyte. [2]

(d) The graphite (carbon) anodes have to be
renewed periodically. Explain why and

write any relevant equations. [2]
(e) State the name of the ore containing
aluminium oxide. [1]
(Paper 4)

8 When very dilute aqueous magnesium chloride
is electrolysed, hydrogen and oxygen are
formed as products.

a Explain why hydrogen and oxygen are
formed and not magnesium and chlorine.

[3]
b Describe the transfer of charge during this
electrolysis in terms of;

« the movement of electrons and ions.
e oxidation and reduction. (6]

(Paper 4)



7 Chemical changes

* |dentify physical and chemical
changes and understand the
differences between them

* Describe the meaning of
the terms exothermic and
endothermic

* Interpret energy level
diagrams showing exothermic

and endothermic reactions /

Boiling and condensation are both physical
changes. The water in the kettle boils to form
steam. The steam condenses back to water
droplets when it cools.

Physical changes

A physical change is one in which no new substance is formed. Melting,
boiling, condensing and freezing are examples of physical change.
Physical changes are easily reversible. For example, we can change liquid
water to steam by heating the water to its boiling point. When the
steam condenses, it returns to its liquid form. The temperature remains
constant during changes of state (see Topic 1.2).

Dissolving is often thought of a physical change. We can dissolve
salt (sodium chloride in water) and we can get the salt back again
by evaporating the water. The salt is exactly the same substance
and the same mass as we started with. Unlike melting or boiling,
however, where the temperature remains constant, we do observe a
temperature change when we dissolve salt in water.

Chemical changes

Chemical changes involve the formation of new substances during a
chemical reaction.

* Heat is always taken in, or given out, during a chemical change.
* One or more new substances are formed.

Many chemical changes cannot easily be reversed. For example, when
magnesium reacts with oxygen, the product is magnesium oxide.

But we are unable to cool magnesium oxide to get magnesium and
oxygen again — electrolysis would have to be used. Some chemical
changes can be reversed by changing the conditions. These are called
reversible reactions (see Topic 9.1).

Exothermic or endothermic?

Processes that release heat energy to the surroundings are called
exothermic processes. Dissolving magnesium chloride in water is
exothermic. Many chemical reactions are exothermic reactions.
When we add zinc to copper(II) sulfate solution in a test tube, the
temperature of the reaction mixture increases. The energy released
goes to warming up the surroundings. The surroundings include:

* The contents of the test tube (i.e. the reaction mixture).
* The air around the test tube.

* The test tube itself.

* Thermometers or stirring rods dipped into the test tube.

Chemical reactions which take in heat energy from the surroundings
are called endothermic reactions. We say they absorb heat energy.



The heat absorbed is taken in by the reaction mixture and so lowers
the temperature of the surroundings. The test tube gets cold.
Examples of endothermic reactions are photosynthesis and reactions
where continuous heating is needed.

Energy level diagrams

We can show exothermic and endothermic changes with the help of
energy level diagrams. These diagrams show:

* The energy of the reactants and products on the vertical axis
(y-axis). We do not usually write the exact values of the energy.

* The reactants and preducts, with the reactants on the left, the
products on the right and the harizontal axis (x-axis) labelled as
‘reaction pathway’.

* The enthalpy change is shown by an arrow.

The energy level diagram for an exothermic reaction shows:

* The energy of the reactants is higher than the energy of the products.

* The chemicals in the mixture release energy. This energy goes to
heating up the surroundings, so the measured temperature increases.

* The arrow goes downwards to show that energy is released
(given out).
The energy level diagram for an endothermic reaction shows:

* The energy of the reactants is lower than the energy of the products.

* The chemicals in the reaction mixture gain energy and the energy
is absorbed from the surroundings. The measured temperature
decreases.

* The arrow goes up to show that energy is absorbed (taken in).

SUMMARY QUESTIONS

1 Copy and complete using the words below:
absorbs exothermic falls

reaction surroundings

An endothermic reaction heat from the . When
this happens the temperature of the mixture . An
reaction gives out heat energy. When this happens the
warm up.

2 Draw an energy level diagram for this reaction:

Fe + S —> FeS  energy given out = 100kl/mol
3 a Give ane difference between physical and chemical changes.
b Give two examples of physical change and two examples of

chemical change. /

Reactants

Energy given out

Energy

Products

Y

Reaction pathway

Figure 7.1.1 | Exothermic reaction: the
energy in the reactants is greater than the
energy in the products

4 An endothermic change

A
Praducts
e s
=4 Energy taken in
b
Reactants
Reaction pathway -
~ Fig 2| Endothermic reaction: the

energy in the reactants is lower than the
energy in the products

1 In physical change, no new
substance is formed. Physical
changes are reversible,

2 In chemical change, one or
mare new substances are
formed. Some chemical
changes cannot be reversed,
though others can be reversed.

3 An exothermic change
releases heat energy.
The temperature of the
surroundings increases.

absorbs heat energy.
The temperature of the
surroundings decreases.

5 In an energy level diagram
for an exothermic reaction,
the reactants have more
energy than the products. In
an energy level diagram for
an endothermic reaction, the
reactants have less energy

than the products. /




* Know that bond breaking
is endothermic and bond
making is exothermic

* Draw and label energy level
diagrams for exothermic and
endothermic reactions using
data provided

* Calculate the energy absorbed
or released in a reaction using
bond energy values

/

Supplement

Keeping warm —we need exothermic
reactions

STUDY Tip

Make sure You know
that energy is givem put
(exothermic rea ction)
when new bonos gre
formed and taken [
(absorbed) when bownds
are broken.

Making and breaking bonds

If we break a thin stick, we put in energy to break it. Breaking a
chemical bond is similar — we have to put energy in. So bond breaking
is endothermic. When new bonds are formed, the opposite happens —
energy is given out to the surroundings. So bond making is exothermic.

We can explain exothermic and endothermic reactions in terms of
bond breaking and making:

Exothermic reaction: the energy taken in to break the bonds in the
reactants is less than the energy given out when new bonds are made.

Endothermic reaction: the energy taken in to break the bonds in the
reactants is more than the energy given out when new bonds are made.

The difference between the energy of the reactants and products is
shown by the symbol AH (delta H). If heat energy is given out AH is
given a negative sign. If heat energy is absorbed it is given a positive
sign. For example in the zinc + copper(Il) sulfate reaction;

Zn(s) + CuSO,(aq) —> Cu(s) + ZnSO,(aq) AH = -212 kl/mol

Bond energies

Each type of bond has a particular amount of energy needed to break
it. This is called the bond energy. Bond energy is the amount of
energy needed to break one mole of a particular bond in one mole of
gaseous atoms. The symbol for bond energy is E.

It needs 436kl to break bonds in one mole of hydrogen molecules.
We can write this as:

F(H—H) = + 436kJ/mal

It needs 498 kJ to break both the bonds in one mole of oxygen
molecules. We can write this as:

E(0O=0) = + 498 kJ/mol

Values of bond energies are always positive because they refer to
bonds being broken.

Bond energy calculations

We can use bond energies to calculate how much energy is released
or absorbed in a reaction. The "balance sheet’ method for doing this is
shown in the worked example. Note that you have to take into account:

¢ the number of moles of each reactant and product in the
stoichiometric equation

¢« the number of honds of a particular type in each molecule, for
example each molecule of water H,0 has two O—H bonds.




v
Worked example: a =
A T
Calculate the energy change in the reaction: Mg(s) + 2HCl(aq) g
2H(g) + 0,g) —> 2H,0(g) |
L “ £ -
o = —
Bond energy values in k/mol: H—H 436; 0=0 498; O—H 464 g A1 = —43671d/mol
Mgdl (ag) + H,(g)
bonds broken (endothermic) bonds formed (exothermic)
2H—H =2 x 436 =872k 4 % O—H = 4 x 464 Reaction pathway
10=0= 498 kJ = 1856 kKl
total 1370 kJ total 1856 kJ b A
_H.(g)+1(g)
The calculation shows that when all the bonds in hydrogen and water § AH = +151kJ/mol
are broken, the energy change is +1370kJ. The positive sign shows S
that the energy change is endothermic. |
When new bonds are formed, the amount of energy released is __
the same as the amount of energy absorbed when the same type Reaction pathway
of bond is broken, but the sign is reversed. So, when two moles of U croy level diagrams for
water are formed from hydrogen and oxygen atoms, the energy Y ! Gy an sxothiefic teastion
changeis —1856kJ. The negative sign shows that the energy change and (b) an endothermic
is exothermic. reaction showing values

for AH
For the calculation above, the overall energy change is:

+1370 — 1856kl = —486k 2H, + 0, — 2H,0
+0=0 o/Ho/H

=0 —
\H \H

Bonds broken Bonds formed
SUMMARY QUESTIONS (endothermic) (exothermic)

22 || Rearranging atoms

The negative sign shows that the energy change is exothermic. H—H

1 When ethane burns in air to form carbon dioxide and water,
heat energy is released. By referring to bond breaking and
bond making, explain why energy is released.

2 When calcium carbonate is heated to a high temperature, the 1 Bond breaking is endothermic
following reaction occurs: and bond making is
exothermic.

CaCO,(s) —> CaO(s) + CO,(g) AH = + 572 kJ/mol

Draw an energy level diagram for this reaction. Add as much
relevant detail as possible.

2 The energy change in a
reaction is given by the
symbol AH. For an exothermic

3 Calculate the energy change in kil when fluorine reacts with reaction the value for AH is
hydrogen to form hydrogen fluoride. negative. For an endothermic
H o4+ F PHE reaction the value for AH is
Ll positive.

Include the correct sign for the energy change in your answer,
9 L Jely 3 The energy absorbed or

Bond energy values in kl/mol: H—H 426 ; F—F 158 ; H—F 568 released in a reaction can be
/ calculated using bond energy
values.
4




* Name the fuels — coal, natural
gas and petroleum

* State the use of hydrogen as
a fuel

* Describe the release of heat
energy by burning fuels

* Describe radioactive isotopes
such as uranium-235 (*°U) as

a source of energy J

Wood is a useful fuel but pollutes the
atmosphere when it is burned

STUDY TIpP

Fﬂmmber that burnl
ts always exothermic,

!hb '

DID YOU KNOW?

Much of the energy we use

for transport comes from the
bodies of tiny animals and
plants which lived in the oceans
millions of years ago.

The variety of fuels

A fuel is a substance that can be burned to release energy. Burning
a fuel is an exothermic reaction. We use a variety of fuels for heating,
lighting, cooking, for transport and for making electricity. Many of
these are fossil fuels:

Coal was formed by the decay of plants in swampy areas in the absence
of oxygen. Over millions of years the plant remains changed to form coal.

Petroleum or crude oil is a complex mixture of compounds containing
carbon and hydrogen. It was formed from the bodies of tiny animals
and plants that sank to the sea bed millions of years ago. Pressure from
rocks formed above changed these tiny organisms into petroleum.

Natural gas is largely methane. This is often found underground
trapped in layers of ice or near areas rich in petroleum.

{ PRACTICAL

Comparing the energy released

Thermometer

oy — Lid

Calorimeter
(a copper an)
containing

. water

Burner

Comparing the energy released when liquid fuels are burned

1 We put a known amount of liquid fuel into the burner. When
the fuel was set alight it heated up a measured volume of
water in a calorimeter. The calorimeter was a copper can.

2 We can compare the energy given out by fuels by measuring
the temperature rise when burning 1 g of each fuel, using the
same volume of water.

4

Coal is very polluting and causes acid rain (see Topic 15.3) and
increases global warming. Petroleum fractions and natural gas are
less polluting but still contribute to global warming. Hydrogen is a
fuel that is non-polluting. Although it can form explosive mixtures
with air, it gives out a lot of energy when burned.



GH,, + 12,0, —> 8CO, + 9H,0 48 kl/g energy given out

‘petrol’

CH, + 20, — CO, + 2H.,0 55 kl/g energy given out

‘natural gas’

H, + %40, — H.0O 143 kJ/g energy given out

hydrogen

Energy from radioactivity

Many nuclear power stations use the radioisotope uranium-235 (**°U)
as a nuclear fuel. This is a rather unusual use of the term fuel because
no burning takes place.

The uranium is made into ‘fuel rods'. These are lowered into a
‘reactor’ in a nuclear power station. The uranium-235 is bombarded
with high-speed neutrons. The collisions cause the nucleus of the
uranium-235 to split. When this happens a large amount of energy
is released. More neutrons are produced, as well as atoms of lower
mass such as thorium and radium. The ‘new’ neutrons then hit other
uranium-235 atoms and split them.

If not stopped, this ‘chain reaction’ can cause an explosion. It is not
allowed to reach this stage: ‘control rods’ are pushed into the nuclear

reactor to absorb excess neutrons.
@

@ 2

U-235 ﬁ;’:" U-235 L g{

nucleus/ ‘13 nucieusz‘/%ﬁ :

High-speed
Neutron collision 8 R
| \\
heat energy
%}?

Other ;‘Jroducts
formed

J-235
nucleus

A large amount of energy is produced when neutrons collide with an
atom of uranium-235

The energy given out as heat in the reaction is used to heat up a gas.
This hot gas heats up water to form steam. The steam is used in a
steam generator to produce electricity. Nuclear ‘fuels’ produce a lot
more energy per gram than ordinary fuels and are not as polluting.
However, their radioactive waste products are difficult to dispose of
and many people can be exposed to radiation if there is a leak from
the reactor.

1 Coal, natural gas and
petroleum are fuels that are
polluting when burned.

2 We can use a calorimeter and
thermometer to compare
the energy released when
different fuels are burned.

3 The radioisotope
uranium-235 is used in some
nuclear power stations as a
source of energy.

_

SUMMARY QUESTIONS

1 Copy and complete using the
wards below:

acid coal exothermic
global released
transport

Fuels are used for heating,
lighting and . The
burning of fuels is an
reaction because energy

is . Fossil fuels such
as and petroleum
harm the environment by
causing rain and
warming.

2 Name a radiocisotope used
to produce electricity in a
nuclear power station.

4




Supplement

* Describe the production of
electrical energy from simple
cells linked with the reactivity
series

Small batteries are useful sources of energy

DID YOU KNOW?

A cell for medical uses can be

as small as 0.65cm long and
0.23cm in diameter.

STUDY Tip

it is a commpn

misuwderstawdiwg

to confuse cells

with electroliysis.

lin eLcctraLgsLs an
electric current ic

used to decompose the
e!:catrotgjtg. ln a cell the
different rcac.tivi‘cg of
the electrodes makes am

electric curent flow.
b_ ——

Simple electrochemical cells

In electrolysis we put in electrical energy to make a chemical change.
This change is endothermic. Can we reverse this to make electrical
energy from a chemical reaction? When we add zinc to copper(II)
sulfate, an exothermic reaction takes place:

Zn(s) + Cu’*(ag) — Culs) + Zn’*(aq)

Instead of wasting all this heat energy, we can make the reaction into
an electrochemical cell. A cell can do a useful job such as lighting a
lamp or running an electric motor.

AH = -212 kJ/mol

An electraochemical cell consists of two metals of different reactivity
dipping into an electrolyte. The electrolyte can be an acid or alkali or
a solution of a salt. In commercial cells the electrolyte is made info
paste so that the electrolyte does not leak.

How does a simple electrochemical cell work?

The diagram shows an electrochemical cell made from a strip of zinc
and a strip of copper dipping into an electrolyte of dilute sulfuric acid.

High-resisitance
voltmeter

Copper
electrode
Z(+)

Zinc electrode

)

Dilute
sulfuric add

_ An electrochemical cell works because of the difference in reactivity

of the metals
The more reactive metal in an electrochemical cell is better at releasing
electrons. Zinc is more reactive than copper so the zinc atoms rather than
the copper atoms lose their electrons. The zinc ions go into solution.
Zn(s) —> Zn’*(aq) + 2e

The zinc electrode becomes the negative electrode or negative pole of
the cell. The electrons flow through the wire of the external circuit to
the copper electrode.
At the positive electrode or positive pole, these electrons are released
and cambine with the hydrogen ions in the acid to form hydrogen gas.

2H*(g) + 2e- —> H_(g)

The difference in the ability of zinc and copper atoms to release
electrons causes a voltage to be produced. This results in a flow of
electrons from the negative electrode (pole} of the cell to the positive.
The electrical circuit is completed by the movement of ions in the
electrolyte.




Getting the best voltage

Many electrochemical cells are small and portable but these do not
deliver a high voltage. Batteries of several cells joined together give a
higher voltage but take up more space. Cells that can be recharged
many times, such as car batteries, are heavy and take up a lot a
space. The voltage we get from an electrochemical cell depends on
the metals chosen.

{ PRACTICAL

Which combination of metals gives the best voltage?

1 The voltmeter reading is - _

taken with copper asthe | .. ‘-|

left-hand electrode. The

voltmeter is putinto the =

circuit so that it gives a

positive reading with this

combination of metals. Coppet Ofher mietal

. (left-hand (right-hand

2 The right-hand electrode electrode) electrode)

is then replaced by \

another metal and the S 4

voltmeter reading taken N\

again. _
3 This is repeated with = i

ifferent metals.

GRS Ttk Sulfuric acid e

The table below shows the | o
results. \ Figure 7.4.2  Comparing voltages J

left-hand right-hand | voltage/volts | order of reactivity of
electrode electrode right-hand electrode
copper magnesium +2.7 most reactive
copper zinc +1:1
copper tin +0.48
copper copper 0
copper silver -0.46 least reactive

You can see from the table that the further apart the metals are in
the reactivity series, the greater is the voltage. This is because the
more reactive metal is better at releasing electrons to form ions. So
a cell with electrodes of magnesium and copper gives a far greater
voltage than one with electrodes of tin and copper.

The more reactive metal in the cell is always the negative electrode.
When silver is used as the right-hand electrode, the voltmeter needle
moves in the opposite direction. This is because copper is more
reactive than silver so copper has become the negative electrode.

You can use a table of voltages like this to calculate the voltages
of other combinations of metals. For example a cell made from
magnesium and zinc has a voltage of 2.7 - 1.1 = 1.6 volts.

1 An electrolytic cell contains
two electrodes of different
reactivity dipping in an
electrolyte.

juawaddng

2 The electrode higher in the
reactivity series is the negative
pole of the cell.

3 In an electrolytic cell the
electrons move from the
negative to the positive pole
in the external circuit. /

SUMMARY QUESTIONS

1 Copy and complete using the
waords below:

connected current
electrolyte higher
negative positive
reactivity

An electrochemical cell
contains two rods of metal
with different dipping
into an . When

to each other by a wire, an
electric flows from the
electrode to the
electrode. The metal

in the reactivity series is the
negative electrode of the cell.

2 Use the table (left) to suggest
which of the following
combinations of metals will
give the highest cell voltage:

copper and tin; copper and
zinc; magnesium and tin; zinc
and tin

3 An electrochemical cell is
made using rods of zinc and
iron. The electrolyte is sulfuric
acid. Write half equations for
the reaction at:

a the positive pole
b the negative pole.

4




* Describe the use of hydrogen
as a fuel in a fuel cell

* Describe the use of fuel cells in
the production of electricity

Supplement

STUDY TIP

You do not need ¢
remember details abput
the construetion of a fuel
cell, but You should be
faniliar with questions
based on diagrams ang
velevant half-equations.

e —— {
Hydrogen /XOx\,rgen
Concentated o
sadium A
hydroxide | 3 5
saluuon\\ D“ &
- -t .
Graphite Graphite
cathode (=) anode (+}
np
| I

_ Electrolysing sodium

hydroxide

Fuel cells are likely to eventually replace petrol
and diesel engines in cars

Simple electrochemical cells lose their power after a time — they no
longer produce a voltage. This happens because one of the reactants
is used up. Electrical cells like car batteries are bulky — they take

up a lot of room. Some electrochemical cells have to be recharged
from time to time. In addition, many of the substances found in
electrochemical cells are harmful and difficult to dispose of safely.

Hydrogen is a non-polluting fuel. When it burns in oxygen, water is the
only product formed. We can use this reaction to supply electrical energy
continuously. We do this by reacting hydrogen and oxygen in a fuel cell.

/ PRACTICAL

A model fuel cell

1 We electrolyse a solution of sodium hydroxide. Hydrogen forms
at the cathode and oxygen forms at the anode.

2 We electrolyse the solution until both test tubes are filled with
gas.

3 We then replace the power pack with a voltmeter. In the
presence of the electrolyte, the hydrogen and oxygen react
together. The voltmeter gives a reading. We have produced an
electric current by combining hydrogen with oxygen.

=

How does a fuel cell work?

A fuel cell consists of two platinum electrodes and an electrolyte.
The platinum is coated onto a porous material that allows gases to
pass through it. Hydrogen gas and oxygen gas are bubbled through
the porous electrodes where the reactions take place. Hydrogen gas
is bubbled through the negative electrode and oxygen is bubbled
through the positive electrode.

Porous negative Elearonflow  porous positive

—
electrode coated electrode coated
with platinum ‘\ with platinum

o

T
|

Hydrogen—"5— H+—|—1-: <= Oxygen
I
|
1

|
Protan exchange / ‘ L = Water

membrane Electrolyte (acid)

_ A hydrogen-oxygen fuel cell




There are two main types of fuel cell. One contains an acidic
electrolyte, the other contains an alkaline electrolyte such as a
concentrated solution of sodium hydroxide.

Acidic electrolyte:

At the negative electrode the hydrogen loses electrons and forms
hydrogen ions in the electrolyte:

2H,(g) —> 4H%(aq) + 4e

The released electrons move around the external circuit to the positive
electrode. At the positive electrode oxygen gains electrons and reacts
with hydrogen ions from the acid electrolyte.

O.,(g) + 4H*(aq) + 4e —> 2H,0())

2

The hydrogen ions removed at the positive electrode are replaced by
those produced at the negative electrode. So the concentration of the
electrolyte remains constant. The overall reaction is:

2H,(g) + O,(g) —> 2H,0(l)

The water is removed.

Alkaline electrolyte:

At the negative electrode the hydrogen reacts with the hydroxide ions
in the electrolyte and forms water:

2H,(g) + 40H(aq) —> 4H,0 + 4e

At the positive electrode oxygen gains electrons and reacts with water
to form hydroxide ions:

0,(g) + 2H.0() + 4e- —> 40H(aq)

2

The hydroxide ions removed at the negative electrode are replaced by
those produced at the positive electrode. So again the concentration
of the electrolyte remains constant. The overall reaction is the same
as for the acidic electrolyte.

What are the advantages of fuel cells?

Hydrogen fuel cells are used to provide electrical power in spacecraft.
The water produced can be used for drinking. Fuel cells are
increasingly used instead of petrol to power cars. Fuel cells have many
advantages over batteries and petrol-driven engines:

* Water is the only product made — no pollutants are formed.

* They produce more energy per gram of fuel than other fuels.

* They are lightweight.

* They don't need recharging like batteries.

* Fuel cells operate with high efficiency.

Fuel cells seem to be the answer to many pollution problems.

However, the hydrogen and oxygen needed for fuel cells to operate
are usually produced using fossil fuels at present!

DID YOU KNOW?

Reduction always takes place at

a cathode and oxidation at an
anode. So, when using these
terms with cells the anode

is the — electrode and the
cathode is the + electrode. /

2 A hydrogen-oxygen fuel cell

3 When a fuel cell is working,

1 A hydrogen-oxygen fuel cell
produces only water as a
product.

is efficient and non-polluting.

hydrogen loses electrons at

the negative electrode and
oxygen gains electrons at the
positive electrode. /

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

cathode circuit current
electrons oxygen two

In a fuel cell, the hydrogen
loses at the negative
electrode. The electrons
move around the external
to the postive
electrode creating an electric
. At the positive
electrode each
gains

atom
electrons.

2 Write down two half
equations for the reaction
taking place at each electrode
in a fuel cell containing an
acidic electrolyte.

3 State three advantages of a
fuel cell compared with a car

battery. /

juawa|ddng



SUMMARY QUESTIONS

PRACTICE QUESTIONS

1 State whether each of the following reactions
is endothermic or exothermic:
(a) burning wood
(b) a reaction in which the temperature falls
(c) decomposing caldum carbonate by heating
(d) hydrogen exploding

2 Match each of the words on the left with one
of the phrases on the right.

burning in oxygen

atoms of the same element

endothermic

exothermic having different numbers
of neutrons
isotopes an atom giving qut energy
as waves or particles
e a reaction which gives out
radioactive
heat energy
. a reaction which absorbs
combustion

heat energy

3 Copy and complete the paragraph using
words from the list below:

carbon decay electricity energy
oxygen pollutant turbine uranium
water

Hydrogenand  -235 are good sources
of energy. Neither of these produces
dioxide as an atmospheric . When

it burns, hydrogen reacts with

to produce as the only product.
Uranium-235 undergoes radioactive
to release which is used to heat water.
The steam formed drives a to produce

4 Match the phrases on the left with the words
or phrases on the right.

Supplement

Bond breaking is ... a fossil fuel

Bond making is ... a radioactive isotope

Coal is ... endathermic

An electrochemical cell
s ...

exothermic

a portable source of
energy

Uranium-235is ...

_

1 Which one of these phrases best describes an
endothermic reaction?

A The reaction releases heat energy.
B The reaction absorbs heat energy.

C The temperature of the reaction mixture
increases.

D The surroundings get warmer.
(Paper 1)
2 Which one of these fuels is not a fossil fuel?

A Petroleum
C Coal

B Natural gas
D Hydrogen

(Paper 1)

3 When a certain volume and concentration of
hydrochloric acid reacts with excess potassium
hydroxide, 20kJ of energy is released.

(a) State the name given to a chemical

reaction that releases energy. [1]
(b) Describe an experiment to show that
energy is released in this reaction. {31
(c) Copy and complete the energy level
diagram for this reaction, [3]
A
EnEmIe

Reaction pathway

(d) Predict the amount of energy given
out when the concentration of the
hydrochloric acid is doubled. [1]

(Paper 3)

4 Equal amounts of three compounds are
dissolved in the same amount of water in
separate beakers and the temperature change
observed. The table shows the results:

compound | initial final
temperature temperature
of water / °C of solution /°C

potassium 25 18

nitrate

sodium 18 38

hydroxide

calcium 22 40

chloride




(a) From the table, name one compound that:
(i) releases energy when it dissolves
(ii) absorbs energy when it dissolves.  [2]

(b) State the name given to a chemical
reaction that absorbs energy. [1]

(c) Which compound in the table shows the
greatest temperature change when it
dissolves in water? [1]

(d) When sodium hydroxide dissolves in water,
estimate the temperature change when:

(i) the amount of water is doubled
(ii) the amount of sodium hydroxide is
doubled. [2]
(Paper 3)
5 Methane burns to form carbon dioxide and
water. The reaction is exothermic.

(a) What do you understand by the term
exothermic? [1]

(b) Explain why this reaction is exothermic in
terms of bond breaking and bond making. (3]

(c) The reaction can be represented by the

equation:
H 0]
e 40 0 wp=c=0 H W
J’_ —— — —
- O
H/;H\H 0=0 N

Draw an energy level diagram for this
reaction. [3]

(d) Use the bond energies below to answer
the following questions.

0=0 498 kJ/mol C=0 805k)/mal

C—H 435kl/mol O—H 464kl/mol

(i) Calculate the energy needed to break
the bonds in the reactants. (2]

(ii) Calculate the energy released when
the bonds in the products are formed.

[2]
(iii) Calculate the overall energy change
for the reaction. [1]
(Paper 4)

6 Hydrogen can be used as a fuel.

(a) Explain why hydrogen is a better fuel than
fossil fuels such as coal or petroleum.  [3]

(b) Hydrogen burns in oxygen to form water:
2H, + O, — 2H,0

Use the bond energies below to calculate
the energy change for this reaction. (3]

0=0 498 klJ/mol H—H 436kJ/mol
O—H 464 kl/mol

(c) Hydrogen and oxygen react in a fuel cell
containing an electrolyte of potassium
hydroxide. The reactions at the electrodes
produce an electric current when the
electrodes are connected to an external
circuit.

(i) Write a half equation for the reaction
at the positive electrode. [1]

(if) Write a half equation for the reaction
at the negative electrode. (1]

(iii) Explain why an electric current is
produced in the external circuit. [3]

(Paper 4)

7 A simple electrochemical cell is shown below,

Copper Zinc

Electrolyte

(a) Suggest a suitable electrolyte for this cell.

[1]
(b) Explain why zinc is the negative pole of the
cell and copper is the positive pole. [2]

(c) Explain why the electrons move in the
direction shown in the diagram. [2]

(d) The voltage developed by this cell is 0.6V
Use the electrochemical series below to
answer the following questions.

Mg Zn Fe Pb Cu Ag
most reactive ———> least reactive
(i) What happens to the cell voltage

when iron replaces zinc? [1]
(ii) What happens to the voltage when
silver replaces copper? (1]

(iii) Explain why the cell does not produce
a voltage when both electrodes are
zinc. [1]

(Paper 4)

101




8 Rate_ of reaction

8.1

Some reactions, such as an old car rusting, are very slow. Other
reactions are very fast. When you mix solutions of silver nitrate and

« Demonstrate knowledge and potassium iodide, you get a yellow precipitate straight away.
understanding of a practical The speed of a reaction — usually called the rate of reaction - tells
method for investigating the us how rapidly the products are formed from the reactants. Knowing
rate of reaction involving gas about reaction rates is very important in the chemical industry. Chemical
evolution companies need to make their products as quickly and as cheaply as

%:“J « Devise and evaluate a suitable possible. Knowing how fast a reaction takes place helps them to do this.
£ method for investigating rate

jy  of reaction Following the progress of a reaction

Z _/  To find the rate of reaction we can either:

* measure how quickly the reactants are used up, or
* measure how quickly the products are formed.

Calculating the rate of reaction depends on measuring something
that changes with time, for example, volume of gas, mass of the
reaction mixture or amount of light transmitted through a solution.

PRACTICAL

Following change in mass

You can use this method for reactions that give off a gas which
is allowed to escape. As the reaction takes place the mass of
the reaction mixture decreases. You record the mass at intervals
of time. The loss of mass is equal to the mass of gas given off.
When the total mass is plotted against time you get a graph like
the one shown here.

We run at different rates. The chemical
reactions in our bodies supply our muscles
with food at the rate needed.

ST Modern balances can be attached to a data logger and
Uby TP computer so that you can record the loss of mass continuously.

You showld be able

Cotton wool

to E\’/ai.uat’e methods Marbledchiphs _ i
‘ICDI’ vaestf-gﬂtiwg 2;{3 hydrochlaric

rate of reactions. For e
exanple, ehange in

mass Ls ot suitable for
ivestigating a reaction
where hydrogen is given,
off. The change in balance

reading will be tpp small, balanc ' ' s
-*—-—- —— _ Following a reaction by change in mass

Mass of reacting mixture
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Supplement

{ PRACTICAL

Following change in the volume of gas given off

1 If a gas is given off in a reaction, you can collect it in a gas
syringe. The volume of gas is recorded at intervals of time.

2 Then you can draw a graph of volume of gas against time.

If this method is used, it is important that there are no leaks in the
apparatus so that no gas escapes.

Rubber tubing |E . \
.---:\A'-—_r_{.r’_’ R
// . Gl

AT

Volume of gas produced

Marble chips and
hydrochloric acid

Time

DID YOU KNOW?

Some reactions can be followed
by recording tiny changes in the
volume of a solution that take
place during some chemical
reactions.

Following the progress of a reaction which produces a gas //

A variety of methods

There are many methods for measuring rate of reaction. You can
use any property that changes during a reaction. You could use a pH
meter ar electrical conductivity meter if the hydrogen ions are used
up in the reaction. You could also record changes in pressure for
reactions involving gases.

{ PRACTICAL

1 We can follow the progress
of a chemical reaction by
measuring how fast the
reactants are used up or how
fast the products are formed.

2 We can use change in
volume of gas, loss of mass
of reactant or the time taken
for a precipitate to make a
letter 'disappear’ to measure
the rate of reaction.

p

Following the progress of a precipitation reaction

Look down here

cho

Amount of light
transmitted
by solution

A

Time

,g&@ | Following the progress of a precipitation reaction

If a precipitate is one of the products in a reaction, the solution
goes cloudy. We can follow the reaction by placing the paper
with a letter A on it underneath the flask containing one of the
reactants. Start the reaction by adding the other reactant and
recording the time taken for the letter A to ‘disappear’.

We can also measure the amount of light passing through the
solution using a colorimeter (or a light meter attached to a data

logger and computer). This gives a graph as shown in Figure 8.1.3

=~

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

decrease mass
mixture rate

The of reaction can he
followed by measuring the
in mass of the reaction
. This is equal to the
of gas produced.

2 Sketch a graph to show how
the volume of gas changes
with time for this reaction:

Mg + 2HCI —> Mgdl, + H,

3 Put the following in order of
increasing rate of reaction:

cement setting
firework exploding
iron rusting
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¢ |nterpret data obtained from
experiments concerned with
rate of reaction

* Know how to investigate and
evaluate the effect of a given
variable on reaction rate

Supplement

Some reactions such as rusting proceed very

slowly
404 ~35¢m? gas produced
Pty 1
LD R ¢ Reaction stops
*‘?: 204 ~ after60s
E :
= :
2 L]
ol ! After 375, 30cm3
1/~ of gas produced
0 20 40 60 80
Time/s
_ Graph of volume of gas
against time

Constants and variables

Many factors such as temperature, concentration of reagent and
particle size can affect the rate of reaction. How can you compare the
results of a series of experiments in a fair way? You need to keep some
things constant (controlled variables) and change only the one that
you are interested in (the independent variable). For example, if you
want to find out how the concentration of hydrochloric acid affects the
rate of reaction of the acid with calcium carbonate you must keep the
temperature and particle size of the calcium carbonate the same in each
experiment. You change only the concentration of the hydrochloric acid
and record the time taken to get a certain volume of gas.

Calculating rate of reaction
In a reaction such as:
Mg + 2HCl —> MgCl, + H,

the time taken for the magnesium to disappear completely can be

used as a measure of the rate of reaction. The average reaction rate

can be worked out by using this egquation:

amount of product formed or reactant used up
time

A more accurate definition of rate of reaction is:

rate of reaction =

change in concentration of reactant or product

rate of reaction =

time
No further \
reaction
€
E]
H = Reaction fast
7~~~ Reactionisslower =
where gradient is £
Volume : less steep 8
of gas o
: =] )
34 0 Reaction slow
~—Reaction is faster where b
Y gradient is steeper =
. Time Time

_ How volume of gas and mass of reaction mixture change with time

We often need to know how the reaction rate changes as the reaction
proceeds. If we look at the graph of how the volume of gas given off in
a reaction changes with time, the gradient (slope) of the graph gives us
the reaction rate at any particular time. We see that the reaction is fastest
near the start but then gets slower and slower until it finally stops.

If we look at a graph of loss of mass of the reaction mixture against
time we can see a similar pattern.

From the left hand graph in Figure 8.2.1 we can also find out:

* how long it takes for a reaction to produce a given volume of gas
* the volume of gas produced in a given time,



Supplement

Limiting reactants (This is additional material which is useful
but which you will not need for the exam)

When carrying out an experiment we sometimes use an excess of one
of the reactants. The reactant that is not in excess is called the limiting
reactant. The reaction stops when the limiting reactant is completely
used up. You can work out which reactant is limiting by calculating
which reactant has the least number of moles for reaction. You must
also take into account the mole ratio of the reactants in the equation.

Example: In the reaction Mg + 2HCl —> Mgd, + H,

If 0.1 mol of magnesium reacts with of 0.1 mol of hydrachloric acid, the
limiting reactant is hydrochloric acid because, if we look at the equation,
for every mole of magnesium used we need two moles of hydrochloric
acid. So there will still be 0.1/2 = 0.05mol of magnesium left when the
hydrochloric acid has been used up.

) Volume of
Figure 8.2.3 shows how the volume  |gas produced

of gas changes when hydrochloric
acid, the limiting reactant, is present at 2.0 mal /dm? acid
several different concentrations.

1.0 mol/dm3 acid

0.5 mol /dm3 acid

-

Time

|| The reaction

~ of hydrochloric
acid with excess
magnesium

SUMMARY QUESTIONS

1 Sketch a graph to show how the mass of the reaction mixture
changes with time for the reaction:

MgCO, + 2HCI —> Mgdl, + CO, + H,0

On your graph show:

a where the reaction had just stopped
b where the reaction is fastest

¢ where the reaction is very slow.

2 A student adds some pieces of calcium carbonate to some acid.
At the start of the reaction many bubbles are seen. After 10
minutes some calcium carbonate is still present but the bubbles
have stopped. Which reactant is in excess? Explain your answer.

3 Copy and complete using the words below:
fast slows stops

When excess calcium carbonate reacts with hydrochloric acid,
the reaction is very at first but then down until it

STUDY TIP

Make sure that You
know how to Lnterpret the
different parts of a graph
of volume of gas relenseq
orloss bn mass of the
reactants against time,

\"

1 Rate of reaction is calculated
by dividing change in the
amount of reactant or
product by time.

2 As a reaction proceeds, the
rate of reaction decreases as

one or more of the reactants
gets used up.

3 A reaction stops when one
of the reactants is completely
used up.

completely. /
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¢ Describe the effect of particle
size and catalysts on the rates
of reactions

* Describe the explosive
combustion of gases e.g. in
mines, and fine powders e.g.
in flour mills

4

STUDY TIP

tis a common
wisconception to think
that Larger particles have
a larger surface avea thaw
smaller ones. hink of
a Lm:ge cube cut up - by
eutting, you are exposing

Wore surfaces.

2cm

Large piece of marble
Surface area 24em?

_ Cut
<

More surface exposed

-y

L e

Eight smaller pieces
Surface area 48cm’

_ Cutting a cube into smaller

ones increases the surface
area

Surface area and rate of reaction

If you want to make a fire quickly, you are more likely to succeed if
you try to light small, thin pieces of wood rather than large pieces.
We see a similar effect when solids react with solutions. A large lump
of marble reacts slowly with hydrochloric acid but powdered marble
reacts very quickly. Why is this?

The rate of reaction depends on how often the particles of acid collide
with the particles on the surface of the marble. The greater the surface
area of the marble, the more particles there are available to react. If we
cut up the marble into smaller pieces, the surface area and the number
of particles of marble which can react are both increased.

PRACTICAL

Investigating the effect of surface area

Cotton wool
bung y

Marble chips
and hydrochloric
add

Conical flask

Mass of flask and contents

Time

_ Investigating the effect of surface area

Marble is a form of calcium carbonate. You can investigate the
effect of increasing surface area by reacting different sized marble
chips with hydrachloric acid. You can carry out the reaction either
by measuring the loss in mass as carbon dioxide is released or by
recording the volume of carbon dioxide given off.

4

Explosive reactions

Many industrial processes cause fine powders to get into the air.
These powders are highly combustible. They burn very readily in air
because of their very large surface area. A lit match or a spark from a
machine can cause them to explode. Examples are flour in flour mills,
wood dust in sawmills and coal dust in coal mines, In coal mines
there is another hazard. The methane gas which is often present can
form an explosive mixture with air.



{ PRACTICAL

Explosive milk!

Fine partides
Pile of milk of milk powder
pawder A e E.

in !

==
Wooden splint

Figure 8.3.3  The combustion of milk powder

If you try to set fire to a pile of milk powder, it will just go black on
the surface. If you sprinkle the milk powder anto a burning splint
the flame will suddenly flare up as the milk powder ‘explodes’.

Catalysts

A catalyst is a substance that speeds up a chemical reaction. The
catalyst is not used up in the reaction — it remains chemically the same
as it was at the start of the reaction. There are two types of catalyst:
(i) solid catalysts and (i} catalysts that work in solution.

A solid catalyst works by allowing the reactants to get close together
on its surface so that less energy is needed to get the reaction to
occur. Catalysts are generally used in the form of pellets or wire
gauzes. This gives them a large surface area for reactions to occur on.

We need only tiny amounts of catalyst to speed up the reaction but they
are often expensive. However, they can be used over and over again.
Catalysts are important in speeding up the reactions in many important
industrial chemical processes. In this way chemicals can be produced more
quickly and at a lower temperature than by the uncatalysed reaction.

All living things contain particular types of catalysts called enzymes.
These speed up all the chemical reactions in the body (see Topic 20.3).

SUMMARY QUESTIONS

1 Copy and complete using the words below:

again increases rate unchanged

A catalyst is a substance which the of a chemical
reaction. The catalyst is at the end of the reaction, so it
can be used

2 Factories that cut metals often have special fans to remove
metal dust. Explain why metal dust in the atmosphere can be

dangerous.

3 The inside of a catalytic converter in some cars has thousands
of tiny beads coated with the catalyst. Explain why these beads

" DID YOU KNOW?

The earliest recorded explosion
in a flour mill was in Italy in
TTah,

are used rather than large lumps of catalyst. /

Catalytic converters are important in reducing
pollutant gases from cars

STUDY Tip

When deﬁwiwg a
catalyst, the best
definition ig g substamee
that Speeds Up A reaction,
but remaing chemaieall.
wnchanged at the el of
the reaction’. Phygeec such
as ‘a substance whieh
changes the rate of a
reaction’ are yathe, vague,

-"

/ey PoINTS
1 Increasing the surface area of

a solid reactant increases the
rate of reaction.

2 Smaller particles of solid have
a larger surface area than
larger ones with the same
total volume.

3 A catalyst speeds up the rate
of a chemical reaction but is
not used up itself. //
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Supplement

* Describe and explain how
concentration affects rate of
reaction

* Describe and explain the
effect of concentration in
terms of collisions between
reacting particles

a PR B8

This limestone statue has been damaged
by acid rain. The greater the concentration
of acid in the rain, the greater the damage
caused.

DID YOU KNOW?

Cars with steel bodies are likely
to rust faster if you live near the
sea because there is a higher
concentration of salt in the
atmosphere and in rainwater.

How concentration affects the rate of reaction

The Taj Mahal, a beautiful building in India, is being eroded away!

Over recent years the concentration of acids in rainwater all over
the world has been steadily increasing. The acids in the air react
with the marble and damage the surface of the building. The higher
the concentration of acid in the air, the quicker a building made of

marble or limestone will react.

/ PRACTICAL

1 The rate of reaction of marble chips (calcium carbonate) was
carried out with hydrochloric acid of different concentrations.

CaCO3 + 2H0 — CaC[2 + CC}E - Hzo

How changing the concentration of acid affects reaction rate

2 We can follow the
reaction by measuring
the increase in volume
of carbon dioxide given
off or by measuring the
decrease in mass of the
reaction mixture. The
temperature, mass and
size of marble chips
are kept the same, as

tube

chips

Delivery

Marble

Gas syringe

Hydrochloric acid

well as the volume of

hydrochloric acid used.
The concentration of
hydrochloric acid is varied
but it is always in excess.

3 For each concentration of
hydrochloric acid used,
record the volume of CO,

Volume of CO5 produced

2mol/dm? acid (highest concentration)

1mol/dm? acid

L
0.5mol/dm? acid
(lowest concentration)

gas produced at time
intervals.

Time

A graph of the results is
shown.

0 8.4.1 | How changing the
concentration of acid
affects reaction rate

4

You can see that as the concentration of acid increases, the rate of

reaction increases. The final volume of carbon dioxide released was the

same in each experiment because hydrochloric acid was always in excess.

Using the collision theory

A concentrated solution has more particles of solute per unit volume
than a dilute solution. In the reaction between calcium carbonate and
hydrochloric acid, the important solute particles are the hydrogen
ions in the hydrochloric acid (see Topic 10.4).

juawajddns



Supplement

A reaction occurs when particles collide with enough energy. The
more concentrated the hydrochloric acid, the more hydrogen ions
there are in a given volume to collide and react with the carbonate
particles in the calcium carbonate. The rate of reaction depends on
the number of successful collisions per second. If there are more
successful collisions per second, the rate of reaction is faster.

Add particle Water molecules not shown
T
\Gﬁ' e M @ e
- \I'iJ H_"'
an |
@® &>
Calcium _d-l* - 0 @ E
carbonate | el N @ 9@‘{*’ :r"r
particles 7 §|/ S @6 '_:—r/’"“;l—ﬁ‘q‘—'("' -\\f—rf, N,
e \ ,']\-. ¥ /".__/" 'y \_)\ AT J\ ' )

High concentration of acid
Many acid particles (H* ions) per dm?,
More chance of particles colliding
and readting.
The frequency of callisions is high.

Low concentration of acid
Few acid partices (H" ions) per dm?,
Less chance of particles colliding
and reacting.
The frequency of collisions is low.

ngm&ﬂ.?. | How change in concentration changes rate of reaction

In a reaction involving gases, increasing the pressure has a similar
effect to increasing concentration in a liquid. Increasing the pressure
pushes the particles closer together so that they collide with a greater
frequency, so the rate of reaction increases.

STUDY TIP

When explaining the
effect of concentration on
reactiom rate dow’tjust
vefer to wore collisione
between the Particles.
It iz the more uent
collision of the particles
whieh (s f.m]aortawt.

m—

Supplement

SUMMARY QUESTIONS

1 Copy and complete using words from the list below:

concentration increases rate

The of a chemical reaction
or more of the reactants increases.

2a

when the of one

When barium carbonate reacts with excess dilute
hydrochloric acid, carbon dioxide gas is given off.

Sketch a graph to show how the mass of the reaction
mixture changes.

b On the same set of axes, sketch the graph you would
expect if you repeat the experiment using hydrochloric acid
of half the concentration.

3 Copy and complete using words from the list below:
collide collision concentrated frequently unit

The effect of increasing reactant concentration on the rate
of reaction can be explained by the _theory. When the
reactants are more there are more reactant particles

present per volume so they more

4 Use ideas from the collision theory to suggest why a reaction

STUDY TIP

Remember that inereasing
the concentratipn, ofa
reactant has wo effect o,
the forr:.e with which the
Partieles hit each other.

1 Increasing the concentration
of reactants increases the
rate of reaction.

slows down as time goes on.

2 Increasing the concentration
of reactants increases the
frequency of collision of the
particles and so increases
reaction rate.

yuawa|ddng
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* Describe how temperature
affects the rate of reaction

* Describe and explain how
temperature affects the
rate of reaction in terms of
collision rate and number
of molecules with sufficient
activation energy

STUDY TIP

tht:b deseribing rates of
reaction it is Lmportamt
to use words Like faster
or ‘slower” wot just fast:
or ‘slow’.

Food cooks more quickly at
higher temperatures because
the particles have more energy
and there are more collisions
per second between the
molecules in the food.

.

_4

Time taken for solution
to go cloudy

Temperature

Results from the Practical
in Figure 8.5.1

110

How temperature affects rate of reaction

We can change the rate of a chemical reaction by heating or cooling
the reaction mixture. Food goes mouldy quicker when left out of the
refrigerator. This is because the reactions which make food rot are
faster at higher temperatures. Some surgical operations are carried
out below normal room temperature to slow down the chemical
reactions in the body.

PRACTICAL

Investigating the effect of temperature on reaction rate

Time how long it takes for
the 'A’ to disappear when
viewed from above /

Sodium thiosulfate
solution and dilute
hydrochloric acid

Reaction rate is affected by temperature

When we react sodium thiosulfate with hydrochloric acid
a precipitate of sulfur is formed.

1 Place the flask of sodium thiosulfate on top of the letter A on
the paper.

2 Add hydrochloric acid and record the time taken for the letter
A to ‘disappear’.

3 Repeat the experiment at different temperatures using the
same volumes of acid and thiosulfate warmed up separately
before mixing them together. Do not heat above 50°C.

/

]

You can plot a graph of the time taken for the letter A to ‘disappear
against temperature. The shorter the time taken for the letter A to
‘disappear’, the faster the reaction is. This is because rate of reaction
is proportional to amount of product formed (or reactant used)
divided by time. For every 10°C rise in temperature, the rate of
reaction approximately doubles.



Using the collision theory

There are two ways we can explain why increasing the temperature
increases the rate of reaction. The second of these is the most important.

Supplement

T

When we heat up a reaction mixture, the particles gain energy.
When particles gain energy they move faster and collide more
often. The frequency of collisions is increased. This results in an
increased rate of reaction.

In order to react, particles must collide with a minimum amount
of energy. This is called the activation energy. As the temperature
gets higher, more and more particles have this minimum amount
of energy to react when they collide. In other words, as the
temperature is increased there is more chance of a collision
between the reactant particles being successful. We say that the
number of effective collisions in a given time increases as the
temperature increases.

The faster you move, the more likely you are
to bump into something = and the bump will
be harder too!

5% 0 4% 59 STUDY Tip
- * Tt o FoT O Note that as the
. P , temperature inerences
o Q Sﬁ 5} 3 % each particle collides with
T Q D O a greater foree. It s alep

Lower temperature,
Particles have less energy.
They move more slowly and
collide less frequently.
The collisions are not very effective.

Higher temperature.

Particles have mare energy.

They move faster and collide
more frequently.

The callisions are very effective.

" Figure 8.5.3

Incmaszng temperature increases reaction rate

WLOVE Aecurate tp say that
‘there are wore frequent
collisipme’ than just wore
collisipme’.

|

Supplement

SUMMARY QUESTIONS

1 Copy and complete the sentence using this list:

longer rate slower time
The the taken for a reaction to be complete,
the the of reaction.

with hydrochloric acid at different temperatures. At each
temperature she recorded the volume of gas produced

show how the volume of gas changed with temperature.

2 A student followed the rate of reaction of calcium carbonate

30 seconds from the start of the reaction. Sketch a graph to

1 The higher the temperature
the greater the rate of reaction.

2 The rate of reaction increases

?
=]
- e with an increase in temperature =&
3 Copy and complete the paragraph using this list: e g
. . R o
effective energy faster increases minimum more « more of the colliding molecules [
\When the temperature of a reaction mixture is increased the have energy equal to, or above,
particles move __because the of the particles increases. the activation energy.
Ata hlgher temperature there are also partEdE“S with . there Is an increase in CO["SiDﬂ
the amount of energy to react when they collide. So the rate.

collisions are more and the rate of reaction

_d




Supplement

¢ Describe and explain the role
of light in photochemical
reactions

* Describe the use of silver salts
in photography as a process
of the reduction of silver ions
to silver atoms

+ Describe the process of
photosynthesis in simple terms/

STUDY TIP

Itis f.m'portawt to realise
that light affects only a
few reactions. e only
ones You should kinow
about are Photosyinthesis,
the conversion stlver
bmm’ide to silver and the
reaction of alkanes with

chlorine (see Topic 18.1).

—.

The plant on the right looks less healthy than

the plant on the left because it has not had
enough light

A few chemical reactions are started by ultraviolet or visible light. These
are called photochemical reactions. We rely on the photochemical
reactions in plants to provide the oxygen we breathe and the food we
eat as well as for removing carbon dioxide from the atmosphere. The
photochemical reaction in plants is called photosynthesis.

Not all photochemical reactions are useful. Compounds called
chlorofluorocarbons (CFCs) are broken down by ultraviolet light and
the products are responsible for the depletion of the ozaone layer
around the Earth.

Photosynthesis

Plants use the energy from sunlight to make glucose. This process is
called photosynthesis.

6C02 + 6HZO —_— CaHmOs + 602
carbon water glucose oxygen
dioxide

The glucose is turned into macromolecules called starch and cellulose
(see Topic 20.2).

Photosynthesis is catalysed by the green pigments in plants called
chlorophylls.

PRACTICAL

How light affects the rate of photosynthesis

—_—

— l
Small glass Song fight

syringe

Volume of oxygen / day

- Weak light
= Light intensity
Light
source
5 —— Water
Funnel
Pondweed

“ How light affects the rate of photosynthesis

When light shines on the pondweed, bubbles of oxygen slowly form
on the leaves and then rise into the syringe. You can record the
volume of oxygen collected over several days. Then you can repeat
the experiment using stronger (more intense) light. The graph
shows how the rate of photosynthesis changes with light intensity.
The graph levels off because carbon dioxide becomes limiting.

,/
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Photography / PRACTICAL

The surface of black and white photographic film contains tiny
crystals of silver bromide mixed with gelatine. When light shines on
the film the silver bromide is ‘activated’. Some of the silver bromide Cirdbiariy iz

A light-sensitive reaction

juawa|ddng

i Light-sensitive
decomposes (breaks down) to form silver. held down pé’per
with a weight

2AgBr —> 2Ag + Br, o 4

silver bromide silver 'ﬂ

{colourless in gelating) (black) u

) . . At the start

The silver appears black in colour because the particles are very small.
In this reaction the silver ions in the silver bromide accept electrons 1
from the bromide ions and become silver atoms. This is a redox White
reaction (see Topic 9.3). The silver ions are reduced because they
accept electrons and the bromide ions are oxidised because they lose
electrons (see Topic 9.3).

2Ag* + 2¢¢ —> 2Ag (a reduction reaction) After a few minutes

2Br —>  Br, + 2e (an oxidation reaction)

2 A light-sensitive

The parts of the film exposed to stronger light appear black and the [Raie

parts not exposed appear white. The greater the intensity (strength) Place a cardboard disc on a piece
of the light, the faster the reaction. A positive print is made by shining of light-sensitive photographic
light through the negative onto a piece of photographic paper. paper in the dark. (Or you can

also use a piece of filter paper
soaked first in silver nitrate then
DID YOU KNOW? with potassium bromide.) The
paper and disc are then left in
the light. After a short time the
paper will turn black but if you
remove the disc you can still
see a circle of white paper. This
shows that light is needed for

th tion to h :
SUMMARY QUESTIONS e reaction to happen )

Some spectacle lenses darken in bright light and become more

transparent in dim light. This is because light reacts with the
silver chloride in the lenses.

1 Match the words to the phrases:
photosynthesis...  ...the catalyst in photosynthesis
chlorophyll... ...a reaction where electrons are lost |
reduction... ...a reaction where electrons are gained 1 The rate of some reactions
oxidation... ...a reaction that is started by light is increased by increasing
photochemical ...a reaction where plants change carbon the intensity of light. These
reaction... dioxide and water into glucose and oxygen reactions are photochemical

reactions.

2 Copy and complete using the words below: 2 Photosynthesis is 3 process
black bromide crystals light particles silver by which plants change
Photographic film contains tiny of silver . When carbon dioxide and water into

shines on the film the bromide breaks down to glucose and oxygen using
of silver which are in colour. chlorophyll as a catalyst.

3 How does the rate of decomposition of silver bromide vary 3 In the photographic reaction
with the strength (intensity) of light? silver ions are reduced to

/ silver atoms. /
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SUMMARY QUESTIONS

1 Match the type of reaction on the left with the
appropriate method for measuring reaction
rate on the right:

a purple solution
changes to a
colourless solution
hydrogen is released
during a reaction
two solutions react
slowly to form a
precipitate

there are more ions
in solution in the
reactants than in the
products

measure the volume
of gas produced

measure change in
electrical conductivity

measure the light
transmitted through
a solution

see how long it takes
for a letter ‘A’ under
a flask to disappear

2 Write definitions of the following:
(a) rate of reaction
(b) catalyst
(c) gradient
3 Sketch a graph to show how the total mass
changes in the reaction:
CaCO,(s) —> Ca0(s) + CO,(qg)
4 Complete the following phrases:

(a) Increasing the surface area of a solid
the rate of reaction.

PRACTICE QUESTIONS

1 Which one of the following statements about
catalysts is true?

A They are always nonmetals.

B They do not take part in chemical reactions.

C They have no effect on rate of reaction.

D Their mass remains unchanged at the end
of the reaction.

(Paper 1)

2 The table shows the volume of oxygen given
off when hydrogen peroxide decompaoses at
40°C in the presence of a catalyst.

Time/s O |5 [10]20(30 (40 (50|60
Volumeof 1 |55 134 |48 |56/|59|60]60
oxygen/cm?

a) Plot a graph of the results with time on the
x axis and volume of oxygen on the y axis. [3]

b) On the same axes sketch a curve for
the same reaction but carried out at a
temperature of 50°C. (2]

¢) What results would you expect if the catalyst
was not present? Explain your answer. [2]

(Paper 3)

3 A student compared how well different
compounds catalysed the reaction between

(a) limiting reactant
(b) photochemical reaction
(c) photosynthesis.
8 Use the kinetic particle theory to suggest

why food cooks more quickly when the
temperature is higher.

(b) As a reaction proceeds the of zinc and hydrochloric acid. The results are
reaction shown in the table.
5 What effect does each of the following have Compound Time taken for all
on the rate of reaction: the zinc to react/s
(a) Diluting the reaction mixture No catalyst 500
(b) Using large lumps of solid rather than Copper(Il)sulfate 150
small ones. Copper(I)chloride 175
6 Use your knowlledge of the lfinetic p_article _ Manganese(IV) oxide 390
theory to describe and explain how increasing sodium chloride 500
the pressure affects the rate of the following .
reaction: Sodium sulfate 500
2N,0(g) —> 2N,{g) + O.,(g) a) What do you understand by the term
, . ) catalyst? [1]
7 Write definitions of the following: ) Whickiis the best catalyst for s vesction?

(1]
¢) What things must you keep constant in
these experiments if it is to be a fair test?

3]
d) Which compounds in the table are not
catalysts? [1]
(Paper 3)



4 The graph shows how the volume of carbon
dioxide given off changes when hydrochloric
acid of three different concentrations reacts
with large pieces of calcium carbonate.

1 g7 ..ﬂ'fl T
ot -
Volume 2.5 ¢
of carbon .-"3 A

dioxide S 37 B

Time

(@) Which line (1, 2 or 3) is the graph for the

most concentrated acid? [1]
(b) In line 3, where is the rate of reaction

fastest — at A, B or C? [1]
(c) Draw a diagram of the apparatus you can

use to obtain these results. [3]

(d) Suggest two ways of increasing the rate of
this reaction other than by increasing the
concentration of acid. [2]

(Paper 3)

5 Magnesium ribbon reacts with hydrochloric
acid. The equation is:

Mg + 2HC —> MgCl, + H,
a) Suggest two methods that you could use
to follow the progress of this reaction. [4]

b) For one of these methods describe how
you can calculate the rate of reaction.
[3]
¢) Using the kinetic particle theory, explain
how and why the rate of reaction changes

when:

(i) the concentration of hydrochloric acid
is increased [3]

(ii) the temperature of the reaction
mixture is lowered [3]

(iii) powdered magnesium is used rather
than magnesium ribbon. [3]

(Paper 4)

6 A student investigated the reaction between
40 g calcium carbonate and 30cm?® of
2.0 mol/dm? hydrochloric acid.

CaCo, + 2HC — Cad, + €O, + H,0

a) Draw a sketch graph to show how the loss
in mass of the reaction mixture changes
with time, [2]

b) By referring to the shape of your graph you
have drawn in part a), explain how the rate
of reaction decreases with time. [2]

c) Use the idea about colliding particles to
explain why the rate of reaction decreases
with time. [3]

d) (i) Calculate the number of moles of

calcium carbonate and hydrochloric
acid at the start of the reaction. [2]

(ii) Was the hydrochloric acid or the
calcium carbonate in excess? Explain
your answer, [3]

e) In another experiment the student
investigated how the rate of this reaction
varies with temperature. The resulis are
shown in the table.

Temperature / °C 20 (30140 |50

Time taken for a piece
of calcium carbonate |64 |32 |16 |8
to dissolve /s

(i) Draw a suitable graph to display these
results. [3]
(ii) From your graph, predict how many
seconds it would take the piece of
calcium carbonate to dissolve at 60 °C.
[1]
(Paper 4)

Crystals of silver bromide were brushed onto a
sheet of damp filter paper. A cardboard letter
‘H’ was placed on top of the paper.

Filter paper
l_\ brushed with
T silver bromide

]
Cardboard letter H

The filter paper and cardboard "H’ were left in
the light for some time. After a few hours the
filter paper around the ‘H' had turned black
but underneath the ‘H' it was still white.

a) Explain these results. [4]

b) How can you make the filter paper go
black more quickly? (1]

c) Write an ionic equation to show what is
happening to the silver ions when the light
strikes the silver bromide on the paper.  [1]

{(Paper 4)
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9 Chmical reactions

L A

* Understand that some
chemical reactions can be
reversed by changing the
conditions

* Demonstrate knowledge and
understanding of the concept
of equilibrium

Supplement

_

Blue copper(ll) sulfate crystals turn white
when heated

STUDY TIp

Make sure that

You understamng

the termug %dﬁ_i}ﬂ__d,
Q—WM% and M
erystallisation.

—

DID YOU KNOW?

Cobalt chloride can be used as

a humidity indicator because its
colour changes according to the
amount of water linked to the
cobalt ion.

Why do the bubbles in a bottle of fizzy drink suddenly appear when
you take the top off the bottle? Carbon dioxide gas is dissolved in
the drink under pressure. When you take the top off the hottle the
pressure is released so the carbon dioxide bubbles out of solution.
When you put the top back on, the pressure builds up again and the
bubbling stops. Reactions like this, which can go in either direction,
are called reversible reactions.

INCrease in pressure

CO,(g) = CO,(aq)

decrease in pressure

The sign === is the symbol for a reversible change. It is used for
reactions which we call equilibrium reactions. Industrially important
equilibrium reactions include the Haber process (see Topic 16.2) and
the Contact process (see Topic 16.4).

Heating hydrated salts

When you heat crystals of blue copper(Il) sulfate they break down or
decompose to form a white powder.

CuSO4,5HZO(5) —_— CuSO4(5) + SHEO(I)

heat
hydrated anhydrous
copper(1l) sulfate copper(ll) sulfate
(blue) (white)

The blue copper(Il) sulfate crystals have water as part of their structure.
We say that the copper(Il) sulfate is hydrated. We call the water in
the salt, water of crystallisation. \When the blue crystals are heated
the water of crystallisation is lost. We are left with white anhydrous
copper(I) sulfate. Anhydrous means ‘without water’, We can reverse
this reaction by adding water back to the white copper(Il) sulfate.

CuSO,(s) + 5H.O(}) —> CuS0,.5H,0(s)

Because this reaction is reversible, we can write both reactions in the

same equation.
forward reaction
CuS0,.5H,0(s) CuSO,(s) + 5H,0()

backward or reverse
reaction

Equilibrium

When we change blue copper(Il) sulfate to white copper(Il) sulfate
the two reactions are separate. We don’t heat and add water at the
same time. In some reactions, however, both the forward and reverse
reactions are going on at the same time. We call these equilibrium
reactions. Equilibrium reactions have particular features:

juawajddns

* The reactants or products must not escape from the reaction
mixture. We call this a closed system.




Supplement

X
X X
X
® CaCO;5(s)
O Ca0f(s) X
X CO;(s) *
X
X
30000

CaCO;(s)==Ca0(s) + CO,(g) CaCO5(s)—> Ca0(s) + CO4(g)

This is an open system.

The calcium carbonate is
decomposing to calcium oxide
and the carbon dioxide is lost.

This is a closed system.

The calcium carbonate is
decompaosing to calcium oxide
but the carbon dioxide is not lost.

L&tﬁ!_? w1 _] Comparison of a closed system and an open system

* At equilibrium the reactants are continually being changed to
products and the products are being changed back to reactants.
We say that this is a dynamic equilibrium.

* At equilibrium the concentration of the reactants and products
does not change. This is because the rate of the forward reaction is
the same as the rate of the reverse reaction.

* The equilibrium can be approached from either direction. We can
start with only the reactants or only the products. Whichever we
start with, we end up with fixed concentrations of reactants and
products in the equilibrium mixture. For example, when we heat
hydrogen and iodine in a sealed tube:

H,(@) + L{g) == 2HI(g)

hydrogen
iodide

hydrogen  iodine
we get the same fixed concentration of hydrogen, iodine and
hydrogen iodide at equilibrium whether we start from hydrogen and
iodine or from hydrogen iodide.

O Hydrogen @ lodine O Hydrogen iodide

Heat

Starting from

At equilibrium Starting from

HI(g)

STUDY TIP

It ts Lmportant to realise
that at equilibrivm

the rate of the forward
reaction is equal to the

rate of the reverse reaction.

juswsjddns

1 In a reversible reaction, the

products can react to form

the original reactants again.

2 An equilibrium reaction can

take place only in a closed
system.

3 At equilibrium the

concentrations of reactants
and products remain fixed.

4 At equilibrium, the forward
reaction happens at the same

rate as the reverse reaction.

H, (@) + 1, (g)

.,g ] The cencentrations of hydrogen, iodine and hydrogen iodide are
constant whether we start from reactants or products

The position of equilibrium tells us how far the reaction goes in favour
of reactants or products. If the concentration of products is greater
than the concentration of the reactants, we say that the position of
equilibrium is to the right — it favours the products. If the concentration
of reactants is greater than the concentration of the products, we say
that the position of equilibrium is to the left — it favours the reactants.

SUMMARY QUESTIONS

1 Copy and complete using the

words below:

anhydrous blue

crystallisation hydrated

reversible white

When we heat

copper(Il) sulfate it loses its

water of . Its colour
changes from to

. When we add water

to copper(Il) sulfate

it turns blue. This is a

reaction.

2 State three features of an
equilibrium reaction.

3 What do you understand by

the terms:
a dynamic equilibrium
b closed system?
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* Predict how changing the
concentration of reactants
or products alters the
equilibrium reaction

* Predict how changing the
pressure alters the position of
equilibrium

* Predict how temperature alters

the position of equilibrium

Equilibrium is all about balance

DEMONSTRATION

Changing the concentration of reactants or products or changing the
temperature or pressure has an effect on the equilibrium reaction.
The reaction tries to oppose the changes that you make. Catalysts
do not affect the position of equilibrium — they just speed up the
forward and reverse reactions equally.

Changing the concentration

When the concentration of a reactant is increased, the equilibrium
moves to the right. Adding more reactants unbalances the
equilibrium. So the equilibrium moves to the right to form more
products until the equilibrium is restored. In this way it keeps the
relative concentrations of products and reactants the same as before.

Products

@

This reaction is in equilibrium. ~ More reactants have been  The equilibrium shifts to the
The concentration of reactants  added. The equilibrium has  right. Reactants are changed
is twice that of the products.  been disturbed. into products until the
equilibrium is restored.
The relative concentrations of
reactants and products are the
same as befare.

— Equilibrium is a balancing act!

When the concentration of a product is increased, the equilibrium
moves to the left. Products are changed to reactants until
equilibrium is restored.

containing the brown liguid iodine

forwards.

Cl(g) + ICl(l) === I1Cl(5)

Changing the direction of a reaction

You pass chlorine gas through a tube

monochloride. As more chlorine is passed
through, the brown liquid turns into yellow
crystals. When you tip out the chlorine the
yellow crystals turn back into the brown liquid.

By changing the concentration of chlorine
we have made the reaction go backwards or Brown liquid, IC|

iodine iodine
monochloride trichloride
(brown liquid) (yellow crystals)

A high concentration of chlorine pushes the reaction from left to right. The forward reaction is favoured.
Removing the chlorine favours the reverse reaction.

Chlarine, Cl; =

Yellow solid, 1Cl5

WRGUa92:2 The equilibrium reaction Cl, + I === Icl,

4
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Changing the pressure

Pressure can only affect reactions where there is a gas in the
equation. Increasing the pressure moves the equilibrium to the side
with the smaller volume of gas. So in the reaction:

250,(@) + O,(g) = 250.(g)

there are three volumes or three moles of gas on the left and only

two on the right. So increase in pressure moves the reaction to the
right. More 50, and O, combine to form SO,. This happens because
increasing the pressure squashes the molecules closer together — you are
increasing their concentration. The reaction mixture tries to overcome
this by moving the equilibrium to the right so that the overall number of
molecules is reduced. Decreasing the pressure has the opposite effect.

It pushes the reaction to the left. If there are equal volumes or males of
gas on both sides of the equation, increasing the pressure has no effect.

Changing the temperature

If a reaction is exothermic (giving out heat) in the forward reaction, it
will be endothermic (taking in heat) in the reverse reaction. When we
produce ammonia from nitrogen and hydrogen the forward reaction
is exothermic, so the reverse reaction is endothermic.

exothermic

N,(g) + 3H,(g) == 2NH,(g)

2
endothermic

The table shows the effect of temperature on the percentage yield of
ammonia at 300 atmospheres pressure.

350 | 400 | 450 | 500
percentage yield of ammonia 65 49 37 20

temperature / °C

You can see that the yield of ammonia gets lower as the temperature
increases. So for an exothermic reaction when temperature increases
the equilibrium shifts in favour of the reverse reaction. It favours the
endothermic change where heat is taken in.

In an endothermic reaction the opposite happens. Increasing the
temperature moves the reaction to the right to favour the products.
It favours the exothermic change where heat is given out.

STUDY Tip

Reémember that if the
equilibriviam conditipns
are changed the reaction
aLwaas tries to act i the
Opposite dirvectiopn,.

DID YOU KNOW?

The bonding of oxygen to the
pigment in red blood cells is
an equilibrium reaction. The
position of the equilibrium
depends on the concentration
of oxygen in the blood. /

In an equilibrium reaction:

1 Increasing the concentration of a reactant moves the reaction
in the direction of the products until the equilibrium balance
is restored.

2 Increasing the pressure moves the reaction in the direction of
the lower number of gas molecules.

3 For an endothermic reaction, increasing the temperature moves
the reaction to the right in the direction of the products. For
an exothermic reaction increasing the temperature moves the

reaction to the left. /

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

balanced concentration
disturbed equilibrium
products right

In an reaction, when
you increase the  of
a reactant, the reaction
moves to the . The
equilibrium is SO more
of the reactants are changed
to . This continues
until the concentrations of
reactants and products are
correctly.

2 Describe how each of the
following changes affects this
equilibrium reaction:

COlg) + 2H,(g) === CH,OH(g)
a increasing the pressure

b increasing the
concentration of CO(g)

c decreasing the
concentration of

CH,OH(g).

119

juawaddng




* Define oxidation and
reduction in terms of oxygen
loss or gain

* Understand the significance
of oxidation states

When we burn magnesium in oxygen, magnesium oxide is formed:

2Mg(s) + O,(g) —> 2MgO(s)

We say that magnesium has been oxidised — it has gained oxygen.

Oxidation is the gain of oxygen. When we remove oxygen from a
compound we say that the compound has been reduced. Reduction

is the loss of oxygen.

* Define oxidising agent and
reducing agent

Redox reactions are involved when the fuel in
these rockets burn

DID YOU KNOW?

The energy used to power

some of the rocket boosters in

the space shuttle is provided

by the redox reaction between
ammonium chlorate(VII) and
aluminium powder. /

STUDY TIP

Remember OIL RIG -
oxidatiow Is Loss (of
electrons), Reduction ls
aain (of electrons)

—d

Supplement

/' DEMONSTRATION

The reduction of copper(II) oxide

Copper{Il) oxide

Hydrogen =
or natural gas

Excess gas
burning

Heat

_ Reducing copper(ll) oxide

We pass hydrogen or natural gas over heated copper(Il) oxide.
The black copper(II) oxide changes to pink copper. We have
removed the oxygen from the copper(Il) oxide. So the copper(II)
oxide has been reduced by the hydrogen.

.

When you look at the reaction between copper(IT) oxide and

hydrogen, you can see that both oxidation and reduction have taken

place at the same time.

reduction

CuQ(s) + Hy(g) —> Cu(s) + H,0()

\__/

axidation

copperl
oxide

hydrogen

copper  water

The copper(Il) oxide has been reduced because it has lost oxygen. The
hydrogen has been oxidised because it has gained oxygen. Because
the reduction and oxidation have taken place together, we call this a

redox reaction.

The hydrogen is the reducing agent because it has removed the
oxygen from the copper(Il}) oxide. It has become oxidised. The

copper(Il) oxide is the oxidising agent because it gives its oxygen to
hydrogen to form water. It has been reduced.

An oxidising agent is a substance which oxidises another substance
in a redox reaction. A reducing agent is a substance which reduces

another substance in a redox reaction.

juawa|ddns
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Where hydrogen takes part in a reaction we can also define reduction
as addition of hydrogen to a compound and oxidation as removal of
hydrogen from a compound. This is often used in organic reactions,
for example:

CH, + H, — CH,
ethene hydrogen ethane

In this reaction we say that the hydrogen has reduced ethene to ethane.

Oxidation states

We often put a Roman numeral after the name of an element in a
compound. This number is called the oxidation state. It refers to a
particular element in the compound. For example:

iron(IT) chloride iron(IT) chloride copper(I) oxide copper(Il) oxide

You can see that there are two types of iron chloride. So we have to
find a way of telling these apart. Oxidation states help us to do this.
Oxidation states tell us about:

* the type of ion present in the compound. For example, copper(])
oxide has Cu* ions and copper(Il) oxide has Cu’* ions

* how oxidised an element in a compound is. For example, the formula
for manganese(Il) oxide is MnO but the formula for manganese(IV)
oxide is MnO,. This shows us that manganese in manganese(IV) oxide
is more oxidised than in manganese(IT) oxide — it has mare oxygen.

Oxidation states can also be used for non-metallic elements. For
example: KCIO, is potassium chlorate(V) and KCIO, is potassium
chlorate(VII). The chlorine in potassium chlorate(VII) is more oxidised
because it is associated with more oxygen.

Other useful examples are copper(Il) sulfate, potassium
manganate(VII) and potassium dichromate(VI).

S |

|
e

R = =

1 Oxidation is the gain of
oxygen by a substance.
Reduction is the loss of
oxygen from a substance.

2 Redox reactions involve both
oxidation and reduction at
the same time.

3 Oxidising agents oxidise
another substance. Reducing
agents reduce another
substance.

4 Oxidation is loss of electrons.
Reduction is gain of electrons.

Electron transfer in redox reactions

We saw in Topic 6.3 that we can write half-equations for electrode
reactions. We do this by balancing the equations by adding one or
more electrons to either side of the equation. We can now give a
wider definition of oxidation and reduction that does not involve
oxygen or hydrogen:

Oxidation is loss of electrons. Reduction is gain of electrons. So when
we electrolyse molten sodium chloride we can split up the overall
equation into two parts to show what happens to each ion:

overall equation: 2NaCl(l) — 2Na(l) + Cl(g)

sodium: 2Na* + 2 —> 2Na

The sodium ions have been reduced because they have gained electrons.
chloride: 20 — C, + 2e

The chloride ions have been oxidised because they have lost electrons.

—

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

agent oxidised reduced
sulfur

When sulfur burns in oxygen
~ dioxide is formed. The
sulfuris because it
gains oxygen. When copper(IT)
oxide reacts with hydrogen,
the copper(Il) oxide is

to copper. Hydrogen is

the reducing in this
reaction.

2 |dentify the reducing agent
in each of the following
equations:

a 2Na+ 0O, — Na O,
b PO+ C — Pb + CO
¢ GO+ 00— Cu+C0,

1 =~

3 The equation for the electrolysis
of molten calcium chloride is:

CaCL() —> Call) + Cl(g)

Write two half-equations for
this reaction. State which
shows an oxidation and
which shows a reduction.

Juawalddng
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¢ Understand the use of

redox reactions

» Define redox in terms of
electron transfer

* |dentify redox reactions by

by the colour changes using
potassium manganate(VII)
and potassium iodide

oxidation number changes in

changes in oxidation state and

4

These sunglasses get darker and lighter
because of redox reactions

STUDY Tip

Make swre that

You don't confiuse
oxidising agents ang
reducing agents with
the compounds that

are being oxidised pr
reduced. A oxidising
Agent oxidises another
su:bsta wee. wWhen Lt dpes
this the oxidising agent

-

i tkself is reduced,

Analysing redox reactions

We can identify many redox reactions by the fact that we can write
half-equations for them.

For example, when zinc reacts with copper(Il) sulfate the equation is:
Zn(s) + CuSO,(aq) —> ZnSO,(aq) + Cu(s)

We can divide this into two half-equations to show what happens to
each element:

n(s) —> Zn?*(aq) + 2e
The zinc atoms have lost electrons. They have been oxidised to zinc ions:
Cu’*(ag) + 26 —» Cu

The copper ions have gained electrons. They have been reduced
to copper atoms. The zinc has been oxidised by copper ions. So a
copper ion acts as an oxidising agent. The capper ions have been
reduced by zinc. So zinc is acting as a reducing agent.

More about oxidation states

We can use oxidation states to follow what happens in a redox reaction.
Oxidation states are sometimes called oxidation numbers. We use a
set of rules to find the oxidation state of an element in a compound:

* An element that is uncombined has an oxidation state of zero.
For example, Zn = 0,5 = 0.

* For ionic compounds, the oxidation state is the same as the charge
on the ion. So sodium ion = +1, aluminium ion = +3, oxide = -2,
chloride = —1.

* The total oxidation state of all the elements in a compound is zero.
For example, in MgCl,:
oxidation number of Mg = +2
oxidation number of 2CI" = 2 x -1 = -2,

* For elements that form more than one ion, the oxidation state can
be worked out from the formula of the oxide.

Elements in covalent compounds can also be given oxidation states

but the rules are more complicated.

We can use changes in oxidation state to define oxidation and reduction:

An increase in oxidation state of an element is oxidation. A decrease
in oxidation state of an element is reduction.

Consider this reaction:
reduction

Zn + Cu?t — Zn?* + Cu
oxidation states 0  +2 +2 0

oxidation
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Zinc has increased its oxidation state from 0 to +2 — it is oxidised to zinc
ions. Copper has decreased its oxidation state from +2 to 0 — copper(II)
ions are reduced to copper. You can also see that a reducing agent
decreases the oxidation state of another compound — zinc reduces
copper(Il) ions to copper. An oxidising agent increases the oxidation
state of another compound — copper(II) ions oxidise zinc to zinc ions.

Colour changes in redox reactions

We can use particular reagents as oxidising or reducing agents.
Potassium manganate(VII) in acidic solution is a good oxidising
agent. When it oxidises a substance its colour changes from purple to
colourless. This can be used as a test for reductants (reducing agents).

{ PRACTICAL

DID YOU KNOW?

Potassium manganate(VII) and
a chemical called a polyol are
included in survival kits. When
these are mixed there is a redox
reaction which can be used to

start a fire.

Reacting iron(II) ions with potassium manganate(VII)

You add a solution of potassium manganate(VII) drop by drop to
the solution containing iron(Il) ions. The solution changes colour
from light green to yellow as the iron(Il) ions are oxidised by the
potassium manganate(VIID). A yellow solution containing iron(III)
ions has been formed. The purple potassium manganate(VII)
becomes colourless when it reacts. So you only see the colour of the
iron(IIT) ions. The reaction is complete when you see a purple colour
in the beaker.

potassium
manganate(VII)

0 { 15 A test for reducing agents
usmg potasmum manganate(VII)

solution of
iron(I1) ionis

Potassium iodide in acidic solution of potassium manganate (VII) is a
good reducing agent. When it reduces a substance its colour changes

from colourless to brown. This can be used as a test for oxidising
agents. For example, it reduces hydrogen peroxide to water:

2F + 2H* + H0, —> 2H,0 + |,
{potassium) acid hydrogen iodine
iodide peroxide
(colourless) (colourless) (colourless) {brown)

SUMMARY QUESTIONS

1 Copy and complete using the words below:

decrease increases oxidation redox state

Changes in oxidation __ can be used to follow what

happens in a reaction. Oxidation occurs when an
element its state. Reduction can be defined
as a in oxidation state.

2 What is the oxidation state of:
a aluminium in xf-\ICla

b KinKd
¢ Brin NaBr
d OinMgO?

3 Excess potassium iodide solution is added to a solution of
potassium manganate(VII). State the colour change you would
observe in this reaction.

4

1 In a redox reaction involving
ions, two half-equations can
be written, one showing
oxidation and the other
showing reduction.

2 An increase in oxidation state
of an element is oxidation. A
decrease in oxidation state is
reduction.

3 The colour changes of
potassium manganate(VII)
and potassium iodide can be
used to test for oxidising and
reducing agents.

py

juawaddng
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SUMMARY QUESTIONS

1 Match the words on the left with the phrases
on the right.

a reaction that can
go in the forward or
backward direction

hydrated

addition of oxygen or

reversible reaction
removal of hydrogen

oxidation without water
removal of oxygen or

AU addition of hydrogen

reduction with water added

2 State whether the underlined elements or
compounds are oxidised or reduced when they
react.

(a) PbO + C —> Pb + CO
(b)s + 0, —> SO,

(c) Cud +H, —> Cu +H,0
(d) €O, + C —> 2CO

3 (a) State the name of one oxidant (oxidising
agent) and state its colour change when it
reacts.

(b) State the name of a reductant (reducing

agent) and state its colour change when it
reacts.

Supplement

4 State three characteristics of an equilibrium
reaction.

5 How do each of the following affect this
endothermic reaction?
CaCO, === Ca0 + CO,
(a) Increasing the concentration of carbon
dioxide
(b) Decreasing the temperature
(c) Allowing the carbon dioxide to escape
(d) Increasing the pressure
6 Give three different definitions of oxidation.
7 For each of the following reactions, state
whether oxidation or reduction is taking place.
(a) Cu** + 2 —> Cu
(b) Fe’* —> Fe’" + ¢
e) 2H + 20 —= K,

PRACTICE QUESTIONS

1 Blue copper(Il) sulfate has the formula
CuS0,.5H,0. Which phrase best describes blue
copper(lI) sulfate?

A Hydrated salt

B Anhydrous salt

C Crystalline element
D Dehydrated salt

(Paper 1)
2 Which word best describes the reaction:

N,(g) + 3H,(g) === 2NH,(g)
Hydrate
Reversible
Irreversible

N @ >

D Complete
(Paper 1)

3 Which one of the following statements about
this reaction is correct?

N (g) + 3H,(g) == 2NH,(g) AH —92.4kj/mol

2
A Increasing the temperature shifts the
equilibrium to the left.

B Removing the ammaonia shifts the
equilibrium to the left,

C Decreasing the pressure shifts the
equilibrium to the right.

D Decreasing the concentration of hydrogen
shifts the equilibrium to the right.

(Paper 2)

4 When blue copper(Il) sulfate is heated it turns
white.

CuS0,.5H,0 — CusSO, + 5H,0

8 Which is the oxidant (oxidising agent) in each
of the following equations?

(a) Cl, + 2KBr —> 2KCl + Br,

(b) Zn + CuSO, — ZnSO, + Cu

(c) 5Fe** + MnO,” + 8H* —>
5Fe** + Mn?* + 4H,0




(@) (i) How can you reverse this reaction? [1]

(ii) Write an equation for the reverse
reaction. [1]
(b) Complete the following sentences using
words from the list.

alcohol anhydrous blue
crystallisation hydrated water

white

When copper(Il) sulfate is heated it
loses its water of and turns

White copper(Il) sulfate is called i
copper(Il) sulfate. 4]

(c) Copper(ll) sulfate is reduced by zinc.

(i) Copy and complete the equation for
this reaction.

CusO, + Zn —> + ZnSO, [1]

(ii) What do you understand by the term
reduction? [1]

(iii) What does the symbol (I} in
copper(Il) sulfate show? [1]
(Paper 3)
5 A mixture of hydrogen and iodine is put into
a closed tube and heated at 400°C.
H.(g) + L.{g) == 2HI(q)

(a) At first the rate of the forward reaction
decreases with time. Suggest a reason for

this. 2]
(b) Why does the rate of the backward
reaction increase with time? [1]

(c) After a time equilibrium is reached.
How do the rates of the forward and
the backward reaction compare at
equilibrium? [1]
(d) What effect would increasing the
concentration of iodine have on this
equilibrium? Explain your answer. [2]
(e) Increasing the pressure does not have any
affect on this equilibrium. Explain why not.
[1]
(f) The reaction is exothermic. Predict the
effect of increasing the temperature on
this equilibrium. Explain your answer.  [2]

(Paper 4)

6 Aqueous chlorine reacts with an aqueous
solution of potassium iodide:

Cl(ag) + 2Ki(ag) —> 2KCl(aq) + |.(aq)
(a) Which is the oxidising agent in this

reaction? Explain your answer. [2]
(b) Write an ionic equation for this reaction.[2]

(c) Use your ionic equation to help you write
two half-equations for this reaction. [2]

(d) Chlorine reacts with iodine to form a
brown liguid called iodine monochloride,
ICl. In the presence of excess chlorine,
iodine monochloride reacts further to form
yellow crystals of iodine trichloride, ICl..

Cl(g) + ICII) = ICl(s)

(i) What is the meaning of the symbol

(ii) Describe and explain what you would
observe when the chlorine gas supply
is turned off. (3]

(iii) What effect does a decrease in
pressure have on this equilibrium
reaction? Give an explanation for your
answer. [2]

(Paper 4)
7 Oxygen combines with both nitrogen and
nitrogen(IT) oxide, NO(g).
N,(g) + O,(g) === 2NO(g)
2NO(g) + O,(g) = 2NO,(g)

(a) Explain why both these reactions are
redox reactions. In each case identify the
reductant. [3]

(b) Describe and explain how an increase in
pressure affects:

(i) the reaction of oxygen with nitrogen
[2]
(ii) the reaction of oxygen with
nitrogen(Il) oxide. [2]

(c) The reaction of nitrogen with oxygen is
endothermic. Describe how an increase
in temperature affects this equilibrium.
Explain your answer. [2]

(Paper 4)
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10 Acig:!s and bases

Many acids exist naturally in plants and foods. Citric acid is found in
oranges and lemons, ethanoic acid is found in vinegar and methanoic
* Describe neutrality and acid is present in nettles. The common labaratory acids are;

relative acidity and alkalinity in hydrochloric acid HCI  sulfuric acid H,SO,  nitric acid HNO,
terms of pH measured using ; . ; . .
universal indicator paper All acids form hydrogen ions, H*, when dissolved in water. Itis the

hydrogen ions that make a solution acidic.

Alkalis are the opposite of acids in the way they react. Common
laboratory alkalis are:

STUDY TIp sodium hydroxide NaOH  calcium hydroxide Ca(OH), ammonia NH,
Alkalis form hydroxide ions, OH", when they dissolve in water.
Remember that a Lowey
acidity gives a higher
Pt and a higher acidity
glves a Low pH ’q—mi,ow The pH scale
sounds rather Like hello!

Substances that are neither acidic nor alkaline are neutral.
Pure water is neutral.

We use the pH scale to show us if a solution is acidic, alkaline or
neutral. We can also use this scale to find out exactly how acidic or
g _ alkaline a substance is.
——— {

NELIJtra!
pph0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

DID YOU KNOW? Strongly Weakly | Weakly Strongly
acidic acidic | alkaline alkaline

The pH scale was thought up

by the Danish chemist Sgrensen TFigure 100 The pH scale
in 1909. pH stands for ‘potenz

Hlydrogen)". This means The pH scale runs from O to 14. Acids have a pH below 7. Alkalis have a

power of the hydrogen ion pH above 7. The lower the pH, the more acidic the solution is. A solution

concentration. with a lower pH has a higher concentration of hydrogen ions. The higher
/ the pH, the more alkaline the solution is. A higher pH means a higher

concentration of hydroxide ions. We can measure pH using universal
indicator paper or a pH electrode connected to a pH meter.

PRACTICAL

Comparing the pH of household products

1 Put the pH electrode into a solution of a substance such as vinegar,
lemon juice, washing powder or soap.

2 Record the reading on the pH meter. pH meter
pH electrode

You can also use a pH sensor connected to a data logger and

computer to see how the pH changes as you add an acid to an alkali —Solution
under test

in the beaker.

“ Using a pH electrode
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Using universal indicator

An acid-alkali indicator is a chemical which changes colour when
we add an acid or an alkali. Universal indicator is a mixture of
indicators which shows a range of colours depending on the pH.

You can use universal indicator solution or universal indicator paper
to measure the pH. When you take a drop of the test solution and
place it an universal indicator paper, the paper turns a particular
colour. The colour of the indicator paper is then matched against a
colour chart showing the pH for different colours.

Universal
indicator
pH solution
0 Very
1 Hydrochloric acid acidic
(0.1 mol/dm3)
2 Lemon juice acidic
3 Orange juice
Vinegar
4
Slightly
5 Black coffee acidic
6 Rainwater
7 Pure water Neutral
3 Sea water
Baking soda Slightly
9 Milk of magnesia alkaline
Soap
10
11 E
12 Washing soda /3
13 fﬁ'
i Oven deaner | | Very
Sodium hydroxide - alkaline
(1 mol/dm3)

The colour of universal indicator and pH of some common substances

1 The pH scale is used to show the acidity or alkalinity of a
solution.

2 Solutions with a pH below 7 are acidic. Solutions with a pH
above 7 are alkaline.

3 Universal indicator can be used to find the pH of a solution.

The colour of universal indicator changes
with the pH

SUMMARY QUESTIONS

words below:

acidic alkaline high
neither neutral scale
seven universal

The pH shows how
acidic or

a low pH. Strongly alkaline
solutions have a pH.
A solution that is

nor alkaline is called a

or a pH meter.

a pH®6
b pH13
c pH7
d pH8

3 Describe how you can use
universal indicator paper to

of sodium hydroxide and a
solution of ethanoic acid.

1 Copy and complete using the

a solution is.
Strongly solutions have

acidic
solution. It has a pH of

The pH of a solution can be
found using indicator

2 Which of these solutions are
(i) acidic (i) alkaline (i) neutral?

distinguish between a solution

4
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* Describe the characteristic
properties of acids as
reactions with metals, bases
and carbonates and effect on
litmus and methyl orange

DID YOU KNOW?

Bromothymol blue can be used
to distinguish between most
acids and bases. It is blue above
pH 7.6 and yellow below pH 6.0.
Most other indicators can only
distinguish between strong acids
and strong bases. This is because
they do not change colour close
to pH 7. For example, methyl
orange is red below pH 3.2, but
changes to yellow at pH 4.4. So,
an acid with a pH of 5 will show

the same colour as a base. ‘/

Acids are found in many foods we eat. They
also help us to start our cars! That's because
car batteries contain sulfuric acid.

STUDY TIP

Whew acids reqot with
carbonates, wateyr i<
produced — as well ge a
salt and carbon dipxide, F
For supplement, you |
must be able to write the
ggmbo!. equations, |

J

The litmus test

Litmus is an indicator that has two colours, red and blue. If a solution
is acidic it turns blue litmus red. You can use litmus as a solution or as
litmus test paper. If you use it as a test paper, it should be damp.

The simplest definition of an acid states that an acid is a substance
that dissolves in water to form hydrogen ions.

HC(g) +
hydrogen chloride

ag —> H¥aqg) + d(aqg)

water hydrechloric acid

We can show that water plays an important part by first dissolving
hydrogen chloride gas in a solvent called methylbenzene. The solution
does not turn blue litmus red. This shows that the solution is not acidic.
When we shake this solution with water the litmus does turn red. This
shows that an acid has been formed once water has been added.

Chemical properties of acids
Reaction of acids with metals

Many metals react with dilute acids to form a salt and hydrogen.
A salt is a compound formed when a metal or an ammonium group
(NH,) replaces hydrogen in an acid. Some examples are:

* hydrochloric acid, HCI, forms chlorides, for example magnesium
chloride, MgCl,

» sulfuric acid, H,50,, forms sulfates, for example zinc sulfate, ZnSO,

* nitric acid, HNO,, forms nitrates, for example lithium nitrate, LINO,.

However nitric acid does not always give off hydrogen with metals unless

it is very dilute. Metals such as silver do not react with acids. Others such
as copper react in a different way but only with concentrated acids.

PRACTICAL

The reaction of magnesium with hydrochloric acid

You add magnesium to

hydrochloric acid. You r—\—Hydrogen
can collect the hydrogen Q

gas over water, When the : Hydrochloric s

tube is full of gas, you acid -

can test the gas to see if |

it is hydrogen. (Hydrogen

gives a ‘pop’ when a
lighted splint is put in the

Trough of water
mouth of the test tube.)

Magnesium ribbon

_ The reaction of magnesium

with hydrochloric acid ‘/




Supplement

The equation for the reaction of magnesium with hydrochloric acid is:

Mg(s) + 2HC(ag) —> MgCl(ag) + H,(9)
magnesium +  hydrochloric —>  magnesium + hydrogen
acid chloride

The reaction of acid with metal is an example of a redox reaction. The
metal loses electrons to form metal ions. The metal is oxidised. The
hydrogen ions gain electrons to form hydrogen gas. The hydrogen
ions are reduced.

Reaction of acids with metal oxides
Acids react with metal oxides to form a salt and water: For example:
CuO(s) + H,SO,laq) —> CuSO,(aq) + H,O()
copper(ll) oxide + sulfuric acid i copper{IIJ sulfate + water

metal oxide | acid o salt 4 water

Reaction of acids with metal hydroxides or aqueous ammonia

Acids react with many metal hydroxides to form a salt and water.

For example:
NaOH(ag) + HNO,(aq) —= NaNO,(aq) + H,O(l}
sodium hydroxide + nitric acid —> sodium nitrate  + water

Agueous ammania reacts in a similar way to metal hydroxides. But
water does not appear in the equation because we do not usually
write aqueous ammonia to show the hydroxide ions in solution.
For example:

NH,(aq) + Hd(ag) — NH,C(aq)
agqueous + hydrochloric —=  ammonium
ammonia acid chloride

These are examples of neutralisation reactions. When the acid
reacts completely with the alkali we say it has neutralised the alkali.

Reaction of acids with carbonates

Carbonates react with acids to form a salt, water and carbon dioxide,
The carbon dioxide bubbles off as a gas. For example:

CuCO,s) + H,50,(aq) —> CuSO faq) + HO() + CO,9g
copper(1l) i sulfuric —> copper(Il) b water ¢ carbon
carbonate acid sulfate dioxide

metal + acid e salt +  water + carbon
carbonate dioxide

Hydrogencarbonates react in a similar way. For example:

NaHCO.,(s) + HC(ag) —> NaCllag) + HO({) + CO,(g)
sodium + hydrochloric = sodium t water +  carbon
hydrogencarbonate acid chloride dioxide

Sodium hydrogencarbonate is used in baking powder together with
powdered tartaric acid. In the presence of moisture, carbon dioxide is
given off which makes a cake rise.

1 Acids are substances that
form hydrogen ions when
dissolved in water.

2 Many metals react with acids
to form a salt and hydrogen.

3 Acids react with metal oxides
and hydroxides to form a salt
and water.

4 Acids react with carbonates
to form a salt, water and
carbon dioxide. /

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

dissolves hydrogen
hydroxides oxides
salt water

An acid is a substance that
in water to form

ions. Acids react with metals

to form a metal and

hydrogen. When acids react

with metal or a

salt and are formed.

2 Name the salts formed when:
a sulfuric acid reacts with
zinc
b calcium oxide reacts with
hydrochloric acid
¢ magnesium carbonate
reacts with nitric acid.
3 Write word equations for the
reaction of:

a magnesium with (very
dilute) nitric acid

b copper(Il) carbonate with
hydrochloric acid

¢ sodium hydroxide with

sulfuric acid.
4
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* Describe the characteristic
properties of bases as
reactions with acids and with
ammonium salts and effect
on litmus and methyl orange

¢ Describe and explain the
importance of controlling

acidity in soil

4

Alkalis are found in many cleaning products

DID YOU KNOW?

When wood ashes are burned,
the product is alkaline. The
word alkali comes from the
Arabic ‘al-khali* which means
burned ashes.
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Many substances we use in the home are bases. Dishwasher tablets,
washing powder and cleaning liquids all contain bases. Antacid
tablets used to treat indigestion often contain the bases magnesium
oxide or magnesium hydroxide. But what exactly are bases? A base
is a substance that can react with an acid. Bases can be oxides,
hydroxides or carbonates of metals. Ammonia is a base even though
it does not contain a metal.

If a base is soluble in water, we call it an alkali. Alkalis dissolve in
water to form hydroxide ions. An alkali turns damp red litmus paper
blue. So agueous ammonia and aqueous sodium hydroxide turn red
litmus blue. Alkalis turn methyl orange yellow.

Chemical reactions of bases

Reaction with acids

Metal oxides and hydroxides react with acids to form a salt and water.
CaO(s) + 2HCl(ag) —> CaCl(aq) + H,O()

calcium t  hydrochloric  — calcium + water
oxide acid chloride
NaOH(ag) + HNO,(aq) —= NaNO,(aq) + H,O()
sodium hydroxide +  nitric acid —> sodium nitrate  + water

Metal carbonates react with acids to form a salt, water and carbon
dioxide.
MgCO,(s) + H,SO,(ag) —> MgSO,(aq) + H,O() + CO,9)

magnesium  +  sulfuricacid — magnesium + water  +  carbon
carbonate sulfate dioxide

When a base reacts with an acid to form a salt we call the reaction a
neutralisation reaction.

Reaction of alkalis with ammonium salts

Ammonium salts are much more volatile than metal salts. When
warmed with an alkali, ammanium salts decompose to form a metal
salt, ammonia and water.

heat
KOH(aq) + NH,/Cl(ag) —> KCl(ag) + NH,(@ + H,O()
potassium  +  ammonium  —> potassium + ammonia +  water
hydroxide chlonde chloride

Controlling soil acidity
Soil may become acidic after a number of years. This can be due to:

* acid rain (see Topic 15.3)
* bacteria and fungi rotting the vegetation so that it releases acids
« use of fertilisers containing ammonium salts.



{ PRACTICAL

Reacting ammonium sulfate with an alkali
9 STUDY TIp

1 When you warm a solution
of an ammonium salt with You st be able to tel|
sodium hydroxide solution a the difference between, the
gas is given off. Red litmus paper wolecucle amamionia, NH

2 You test this gas with damp red o ;f”::;r:g:um and ammonivim sglke
litmus paper. The litmus paper ailbite and sadiim which contain, the NH
turns blue. This shows that an f hydroxide (ﬂmwm;{m) group. I‘t ic
alkaline gas is present. If you Warm a common exvor to write

are heating an ammonium salt Ammonia gas tms ammonia chlorige.

the gas will be ammonia. red litmus blue J S

Many crop plants such as onions, cabbages and beans grow better if

the soil is neutral. If soil acidity drops below pH 5.5 many plants will
not grow well. pH 4 5 6 7 8
We can remove excess acidity from the soil by adding crushed Potatoes
limestone — calcium carbonate. This neutralises the acid. The calcium Carrots
carbonate and the products are neutral. Tomatoes
CaCO,(s) + 2H*(ag) —> Ca**(ag) + CO,g) + H,00) Beans

calcium acid calcium ions carbon water p
S ; Crop plants grow best in
carbonate dioxide
: : . . . these pH ranges
Farmers often add lime (calcium oxide) to the soil. This also

neutralises excess acid.
Ca0(s) + 2H*(aq) —> Ca’*(ag) + H,0O()
calaium acid calcium ions water
oxide

We must be careful not to add too much lime to the soil. Lime is
strongly alkaline when it dissolves in water. Most plants do not
survive alkaline conditions. If the soil is too alkaline, farmers spray the
soil with manure or even with very dilute sulfuric acid.

SUMMARY QUESTIONS

1 Copy and complete using the words below: 1 ﬁe:?fjlifeaa;u:csitgnce that can
acids ammonia hydroxide salt soluble o Arealkal s aaluble hase
Alkalis are bases. Examples of alkalis are and sodium 3 Banes react withiacd=tn form

. Alkalis react with to forma and water. S
2 Write word equations for the reactions of: : -
; i . ; 4 Ammonia gas is released
a ammonium sulfate with potassium hydroxide Yoheh arimonium salts are
b calcium oxide with hydrochloric acid heated with an alkali.
¢ magnesium hydroxide with nitric acid. Eichiredinetone e icne zie

3 Explain why farmers sometimes need to put crushed limestone added to neutralise excess

on their soil. / acidity in the soil. /
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Supplement

* Define acids and bases in
terms of proton transfer

* Understand the difference
between strong and weak
acids and bases

* Write ionic equations for

acid-base reactions /

DID YOU KNOW?

Traces of vinegar, a weak acid,
have been found in 5000-year-
old Egyptian tombs. Over the
centuries, people have drunk
apple cider vinegar, thinking
that it will benefit their health.
Some have suggested that
cider vinegar helps you to lose
weight. Recent studies, however,
have shown that drinking

large amounts of apple cider
vinegar may be harmful because
it reduces bone density and
lowers the amount of potassium
absorbed by the body.

4

More about neutralisation

In Topic 4.4 we learned how to write ionic equations by cancelling
the spectator ions. So what is the ionic equation for the neutralisation
of an alkali by an acid? Let us take for example the reaction:

NaOH(aq) + HClag) —> NaCllag) + H,0O()
sodium hydrochloric sodium water
hydroxide acid chloride

Separating into ions then cancelling the spectator ions, we have:
IMé*(ag) + OH(aq) + H*(aq) + &'(aq) —> Mé*(aq) + £ (ag) + H,O()

This leaves us with a very simple ionic equation:

OH(ag) + H*(aq) —> H,O(l)
If you carry out the same process with any combination of acid and
alkali, you get the same ionic equation. This makes sense if you think
about it: every acid has hydrogen ions dissolved in water and every
alkali has hydroxide ions dissolved in water. So these two ions combine
to make water.

Acids, bases and protons

A hydrogen ion is formed by the removal of the single electron from a
hydrogen atom. Nearly all hydrogen atoms have a single proton and
no neutrons in their nuclei. So a hydrogen ion is nothing more than a
proton. We can define acids and bases maore generally by seeing what
happens to the hydrogen ions (protons) when acids and bases react.

An acid is a proton donor — it gives a proton to a base.

H*(ag) + OH(aq) — H,O(l)
acid base water
A base is a proton acceptor - it removes protons from an acid. You
can see this in the equation above — the hydroxide ion has accepted a
proton from the acid to form water,

We can see how this works in a more general case, the reaction of an
ammonium salt with sodium hydroxide.

NH,Cl(ag) + NaOH(ag) —> NH.(g) + NaCllaq) + H,O(l)
ammaonium sodium ammonia sodium water
chloride hydroxide chloride
The ionic equation is:
NH,*(ag) + OH(ag) — NH)@ + H,O()

In this equation there are no hydrogen ions but there is a transfer of
protons. The base, OH-, has accepted a proton from the ammonium
ion, NH,*. So the ammonium ion must be acting as an acid.

proton transfer

NH,*(aq) + OH(aq)

acid base

—> NH(@ + H,0)
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Strong and weak acids

The laboratory acids hydrochloric, sulfuric and nitric acids are all
strong acids. A strong acid is completely ionised when it dissolves in
water. There are no molecules of the acid present.

HCl(g) + ag — H*(aq) + Cl(aq)

Weak acids are generally organic acids, such as citric acid and
ethanoic acid. A weak acid is only partly ionised when it dissolves in
water. There are lots of acid molecules present but very few ions.

CH,COOH()) + aq == C(H,COO(aq) + H*(aq)
ethanoic acid ethanoate ion
lots of molecules very few ions

We can tell if an acid is strong or weak by measuring its electrical
conductivity, pH and rate of reaction with metals or metal carbonates.

* The electrical conductivity of a sclution depends on the concentration
of the ions present — the more ions, the greater the conductivity.
A strong acid conducts much better than a weak acid of the same
concentration. This is because there is a greater concentration of ions
in the strong acid compared with the weak acid.

* A strong acid has a lower pH than a weak acid of the same
concentration. This is because there is a greater concentration of
hydrogen ions in the strong acid compared with the weak acid.

* A strong acid reacts faster than a weak acid. This is also because
there is a greater concentration of hydrogen ions in the strong acid
compared with the weak acid.

Strong and weak bases

All hydroxides of alkali metals are strong bases. Strong bases are
completely ionised in water.

For example, sodium hydroxide: NaOH(s) + ag ——= Na*(aqg) + OH(aqg)

Ammonia is a weak base because it is only partly ionised in water.
There are very few ammonium ions.

NH.(g) + H,O() == NH, *(aq) + OH<(aq)
Compared with strong bases, weak bases have:

* a lower electrical conductivity
* a less alkaline (lower) pH
* a slower rate of reaction.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

base dissolves hydrogen ions proton

in water, hydrogen are formed.
donor. It gives its

When an acid
A ion is a proton. An acid is a
protons to a

2 Describe one way to tell if an acid is strong or weak.

What do you understand by the terms strong acid and weak acid? /

Measuring the pH of a solution

STUDY TIp

It is bncorrect to use

the words ‘Strong’ and
‘weak’ when referring

to ’the concentration of
acids or alkalis. se
‘concentrated’ or ‘dilyter
Strong and weak refer to
the degree of Lonisatipn
of the acid oy base, not
the concentration,.

DID YOU KNOW?

When an acid neutralises an
alkali in an aqueous solution,
the ionic equation is

H*(ag) + OH (ag) —> H,0O())

1 An acid is a proton donor.
A base is a proton acceptor.

2 Strong acids and bases are
completely ionised in water.

3 Weak acids and hases are
partly ionised in water.

4

juawaddng
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* Classify oxides as either
acidic or basic according to
their metallic or non-metallic
character

* Classify other oxides as
neutral or amphoteric

Supplement

Spreading lime, a basic oxide, on the soil
decreases its acidity

DID YOU KNOW?

Various oxides of iron are used

as the colour in cosmetics such
as eye shadow.
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Oxides are compounds of metals or non-metals with oxygen. There
are four types of oxide. We tell the difference between these four
types by their typical chemical reactions.

Basic oxides

Most metal oxides are basic oxides. Many basic oxides are formed
by the direct combination of a metal with oxygen. Basic oxides react
with acids to form a salt and water. For example;

CaO(s) + 2HCl(aq) — Cad (aq) + H,0()

calcium oxide  +  hydrochloric acid —  calcium chloride  +  water
{lime)

Basic oxides do not react with alkalis.

Many basic oxides do not react with water. But those from Group |
and many from Group Il in the Periodic Table react to form a metal
hydroxide. An alkaline solution is formed which turns red litmus blue.

BaO(s)  + H,00) —>  Ba(OH),(aq)

barium oxide  + water —> barium hydroxide

Acidic oxides

Most non-metal oxides are acidic oxides. Many are formed by direct
reaction with oxygen.

S(s) + 0, — 50,9

sulfur sulfur dioxide

Acidic oxides react with alkalis to form a salt and water. For example:
CO,(g) +  2NaOH(aq) — Na,CO,(aq) + H,0()

carbon i sodium — sadium +  water

dioxide hydroxide carbonate

Some acidic oxides react with bases such as metal oxides when heated.
For example:

heat
SIO, + Ca0 e CasiO,
silicon(iv) 1 calcium B calcium
oxide oxide silicate

Many acidic oxides react with water to form acidic solutions.
For example:

5O (9) + HO0() —> H,50,(aq)

sulfur trioxide b water o sulfuric acid



Supplement

Neutral oxides

Neutral oxides do not react with acids or bases. Examples of neutral
oxides are nitrogen(I) oxide, N,O, nitrogen(Il) oxide, NO, and carbon
monoxide, CO. Most are the lower oxides of non-metals. For example:

* carbon monoxide is a neutral oxide but carbon dioxide, CO,, is an
acidic oxide

= nitrogen(Il) oxide is a neutral oxide but nitrogen dioxide
(or nitrogen(IV) oxide), NO,, is an acidic oxide.

Amphoteric oxides

The word amphoteric means 'both of them’. Amphoteric oxides
have both acidic and basic properties. The oxides of aluminium and
zinc are examples. They form salts when they react with acids. They
also react with alkalis to form complex salts.

Examples:
ZnO(s) + 2HNO.(agq) —> Zn(NO,),(ag) + H,O()
zinc oxide 4 nitric acid o zinc nitrate i water

ZnO(s) + 2NaOH(aq) — Na,ZnO.(agq) + H,O()

zinc oxide  + sodium hydroxide —s  sodium zincate 4 water

ALO(s) + B6HClag) —> 2AId.(aq) + 3H,0()

aluminium  +  hydrochloric — aluminium f water
oxide acid chlonde
AlLO,(s) + 2NaOH(aq) —> 2NaAlO,(aq) + H,O(l)
aluminium 4 sodium > sadium +  water
oxide hydroxide aluminate

The zincates and aluminates have the ending -ate to show that their ions
are compound ions containing oxygen — rather like sulfates, carbonates
and nitrates. Zincate ions are ZnO,” and aluminate ions are AlO,".

In some books you may see these ions written Zn(OH) >~ and Al(OH),".
Notice that sodium zincate and aluminate are soluble in water.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

acidic alkalis litmus react salt

Most oxides of non-metals are oxides. Acidic oxides
react with to form a and water. Some acidic

oxides with water to form solutions of acids. These

solutions turn blue red.

2 How can you show that calcium oxide is a basic oxide?

STUDY TIP

For the core, Youw will be
expected to kinow the worgd
equations and stimple
sywmbol equations for

the reactione of acioic
and basic oxides. For the
supplement You may be
asked to write symbol
equations.

The oxides of most metals are
basic oxides. The oxides of
most non-metals are acidic
oxides.

2 Nitrogen(I) oxide, nitrogen(II)

3 Write symbol equations for the reaction of zinc oxide with:
a hydrochloric acid
b agqueous sodium hydroxide.

Supplement

3 The oxides of aluminium and

oxide and carbon monoxide
are neutral oxides.

awa|ddng

zinc are amphoteric — they
react with both acids and
alkalis.

4




SUMMARY QUESTIONS PRACTICE QUESTIONS

1 Match the reactants on the left with the 1 A solution has a pH of 9. The solution is best
products on the right. described as:
acid + carbonate  salt + water A strongly alkaline
acid + hydroxide  salt + ammonia + water B weakly acidic
acid + metal salt + hydrogen C weakly alkaline
ammonium salt salt + water D strongly acidic.
+ alkali + carbon dioxide
(Paper 1)
2 Copy and complete these word equations: 2 The equation between ammonium ions and
(a) zinc + hydrochloric acid —> hydroxide ions is shown by the equation:
e - NH,*(aq) + OH-(ag) —> NH,(g) + H,0()
(b) sulfuric acid + magnesium oxide — ) -
n Which one of these statements about this
reaction is true?
(c) + —>

calcium nitrate + carbon dioxide + water A Ammonium ions are acting as a base.

B A proton is transferred from the hydroxide
ions to the ammonium ions.

C Ammonium atoms are acting as proton

(d) ammonium sulfate + —
potassium sulfate + ammonia + water

3 Explain why it is important to farmers to be

o - - acceptors.
able to control the acidity of their soil. In your B o ‘
SHEWar tefer e D Hydroxide ions are acting as proton
: ac rs.
* the pH of the soil cepto
» the use of named bases (Paper 2)

* neutralisation. 3 Magnesium sulfate can be made by

: neutralising magnesium oxide with an acid.
4 Match the substances on the left with both the eutralising gnes! oxide wit i

pH in the middle and the acidity on the right. (a) What do you understand by the term acf?;?j
wlnegar pHID strongly a‘CIFiIC (b) Name the acid used to make magnesium
dishwasher powder pH 12 weakly acuch; culfata. [1]
SC.'a? it L (c) Copy and complete the equation for this
distilled water pH 4.5 neutral reactiorn:
concentrated pH 7.5 strongly alkaline
hydrochloric acid MgO + - —> MgsO, + 21
- (d) What type of oxide is magnesium oxide?
A 5 Classify the following oxides as acidic, basic, Give a reason for your answer. 2]
E; neutral or amphoteric. (e) (i) Suggest one other method of making
§ (a) zinc oxide magnesium sulfate. [1]
i (b) magnesium oxide (i) Write a word equation for this
(c) sulfur dioxide reaction, [
(d) phosphorus(V) oxide (Paper 3)
(e) nitrogen(I) oxide 4 Ammonia is a gas that is very soluble in water.
6 Write balanced equations for the reaction of: (a) From the following list choose the most
(a) sodium carbonate with nitric acid ikely pH_ of an aqueous solution of
(b) magnesium with hydrochloric acid AT,
9 y ; oH2 pHS pH7 pHY9 pH13  [1]
/ (b) What effect does aqueous ammaonia have
on red litmus paper? {1]



(c) Ammonia is released when ammonium
sulfate is warmed with sodium hydroxide
solution. Write a word equation for this
reaction. [2]

(d) Ammania reacts with hydrochloric acid to
form a salt.

(i) Copy and complete the equation for
this reaction.

= —> NHd [2]
(ii) Name the salt formed in this reaction. [1]

(e) Ammonia can be used to control the
acidity of the soil. Suggest one problem in
using ammonia to control soil acidity.  [7]

(Paper 3)

5 Hydrachloric acid is a strong acid.
(a) What effect does hydrochloric have on:
(i) blue litmus paper
(ii) universal indicator paper? [2]
(b) Hydrochloric acid reacts with magnesium.
(i) Write a word equation for this

reaction. [1]
(ii) Name the salt formed in this reaction.
[1]

(c) Hydrochloric acid also reacts with
magnesium carbonate. Copy and complete
the symbol equation for this reaction.
MgCO, + _HO — MgC, +__ +_

3]

(d) When hydrochloric acid reacts with sodium
sulfite, sulfur dioxide is produced. What
type of oxide is sulfur dioxide? [1]

(e) Describe how the pH of the mixture
changes as hydrochloric acid is added to
a solution of potassium hydroxide until
hydrochloric acid is in excess. [2]

(Paper 3)

6 Ethanoic acid is a weak acid.

(a) Suggest how you can use universal
indicator paper to show that ethanoic acid
is a weak acid. 2]
(b) Describe two other methods you could
use to show that ethanoic acid is a weak
acid. For each method, describe what you
would observe. 4]

(c) Write a balanced equation to show the
reaction of ethanoic acid with magnesium.

[2]

(d) Ethanoic acid reacts with potassium
hydroxide:

CH,COOH + KOH —> CH,COOK + H,0
Refer to ideas about proton transfer to
explain how this equation shows that

ethanoic acid is an acid and potassium
hydroxide is a base. [2]

(e) Potassium hydroxide is a strong base.
What do you understand by the term
strong base? [1]

(Paper 4)

7 Calcium oxide reacts with hydrochloric acid to
form calcium chloride and water.

(a) Write a balanced equation for this

reaction. (2]
(b) Calcium oxide is a base. What do you

understand by the term base? [1]
(c) Farmers often add calcium oxide to the

soil. Explain why they do this. 2]

(d) Write an equation to show how the
oxide ion reacts with one type of ion in
hydrochloric acid to form water. [2]

(e) Zinc oxide reacts with both acids and alkalis.

(i) Whatis the name given to an oxide that
reacts with both acids and alkalis? (1]

(ii) Write a balanced equation for the
reaction of zinc oxide with sodium
hydroxide. (2]

(Paper 4)

8 Ammonia is a weak base.

(a) What do you understand by the term weak
base? [2]
(b) Write a balanced equation to show the
reaction of ammonia with sulfuric acid. [2]
(c) When ammonium salts are warmed with
hydroxide ions, ammania is released.
NH,* + OH" —> NH, + H,0
Explain how ammaonium ions are acting as
an acid in this reaction. [2]

(d) When ammonia reacts with water an
equilibrium mixture of reactants and
products is formed.

NH, + H,0 == NH,* + OH"
Describe each of the reactants and
products as either acids or bases. Give
reasons for your answers. [4]

(Paper 4)
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11 Making and identifying salts

11.1

* Demonstrate knowledge and
understanding of preparation,
separation and purification of
salts from a metal or insoluble
base

* Suggest a method of making
a given salt from a suitable
starting material given
appropriate information

138

How do we make salts?

We often use salts in our homes. We put sodium chloride on our
food to bring out its taste, we may use bath salts to help us relax in
the bath and some of the medicines we take are salts. Aspirin is made
into a salt to make it more soluble.

In Topic 10.2 we learned that a salt is a compound formed when a
metal or an ammaonium group replaces hydrogen in an acid. Many
salts are soluble in water although a few, such as lead chloride, are
insoluble, There are four ways of making salts:

* reacting a metal with an acid

* reacting an insoluble base with an acid

« neutralising an alkali with an acid by the titration method

« by precipitation.

Not all these methods are suitable for making a particular salt. So we
have to choose the method that best fits the type of salt we want to

make. We also have to choase the best method of purifying the salt
from those we learnt about in Topic 1.9.

Salts from metals

We can make salts by reacting acids with metals. But this method is
suitable only for metals above hydrogen in the reactivity series. So
we can make salts of magnesium, zinc, aluminium and iron in this way.
For example, to make zinc sulfate we carry out the following reaction:

Zn(s) + H,SSO,(aq) —> 2ZnSO,(aq) + H,(g)
zine +  sulfuricacid ——>  zincsulfate + hydrogen

We cannot use this type of reaction for making salts of copper, lead
and silver which are too close to or below hydrogen in the reactivity
series. Also it is not a good idea to prepare salts of very reactive metals
such as sodium and potassium using this method. The reaction of
these metals with the acid is too violent - a titration method is more
suitable in these cases.

This is the procedure:

* Add the metal to the acid in a flask so that the metal is in excess.
The acid is the limiting reactant.

* Warm the flask gently to complete the reaction.

* Filter off the excess metal. The filtrate is a solution of the metal salt.

* Put the filtrate into an evaporating basin and evaporate the water
until the crystallisation point is reached. Then you allow the salt to
crystallise at room temperature.

e Filter off the crystals and wash them with a tiny amount of solvent
so they don't dissolve.

* Dry the crystals between sheets of filter paper.



Salts from insoluble bases

We can make salts of many metals by reacting an insoluble base with
an acid. We use this method for making salts of metals that are low
in the reactivity series.

For example, to make copper(lI) sulfate we carry out the following
reaction:

CuO(s) + HSO,(ag) —> CuSOfaq) + H,O()
copper(ll) + sulfuricacid —> copperllll +  water
oxide sulfate
The method is exactly the same as for making salts by reacting a
metal with an acid, for example making copper(Il) sulfate from
copper(IT) oxide.

PRACTICAL

Making copper(II) sulfate from copper(Il) oxide

‘3
1 C

e — o
Add insoluble copper(Il) oxide to The solution tums blue as the reaction
sulfuric acid and stir. Warm gently.  occurs, showing that copper{IT) sulfate is

/7 h._/\ being formed.

:IJ— —

@D

\.\ 7 J/;'
3 l | 4 -

[ — 1
When the reaction is complete, Evaporate some of the water from
filter the solution to remove excess the filtrate and leave to crystallise.

1 Copper(ll) sulfate from copper(II) oxide

SUMMARY QUESTIONS

1 Copy and complete using the words below:

filter filtrate insoluble limiting neutralised oxide

You can make a metal salt by reaction of an metal oxide
with an acid. During this reaction the acidis by the metal

. The acid is the reactant. You off the excess
metal oxide. The is a solution of the metal salt.

2 Write word equations for these reactions:
a Fe,O,(s) + 6HC(aq) —> 2FeCl (aq) + 3H,0(l)
b Mg(s) + H,S0O,(aq) —> MgSO,(aq) + H,(g)
3 Whrite instructions for making the salt calcium chloride from

calcium oxide. /,

DID YOU KNOW?

The "War of the Pacific’ from
1879 to 1883 involved the
countries of Bolivia, Chile and
Peru. Each country wanted
control of the part of the
Atacama Desert that had large
nitrate deposits. /

STUDY TIp

When you make a <alt
USlng excess metal pr
wetal oxide, Yo ﬁrst
must filter 0?(: the excess

solid reactant. You
should be able +o describe
how to malee g salt,

Salts come in many different colours and
crystal forms

1 The salt of a metal above
hydrogen in the reactivity
series is made by reaction of
the metal with an acid.

2 Salts can be made by the
reaction of an insoluble base
with an acid.

3 When making a salt from a
metal or metal oxide the acid
is the limiting reactant.
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* Demonstrate the preparation,
separation and purification of a
salt from a soluble base

* Suggest a method of making
a given salt from a suitable
starting material given
appropriate information

Pipette filler

Volumetric
pipette

|

_ Filling a volumetric pipette

4 [}

Burette———

Acid

White tile

_ Titration apparatus

We can use titration to make a soluble salt from a soluble base and
an acid. This method is used to make salts of the Group | metals and
ammonium salts.

We use an acid-alkali titration to find out how much acid is needed
to react exactly with a solution of an alkali. We use an indicator to
find when the acid has just reacted with all the alkali. We call this the
end point of the titration. At the end point the indicator changes
colour. The indicator we choose depends on whether we use a strong
or weak acid or alkali:

* For a strong acid and alkali we can use any indicator.

« |f we are making a salt from a weak alkali, for example ammonia,
we titrate with a strong acid. We use methyl orange indicator.
This goes from orange to red when there is excess acid.

 |f we are making a salt from a weak acid, for example ethanoic
acid, we use a strong base. We use phenolphalein indicator.

This goes from pink to colourless when there is excess acid.

How to carry out a titration
You use the following sequence to carry out a titration:

1 Measure a known volume of alkali into the titration flask using
a volumetric pipette. First wash the pipette with a little of the
alkali you are using.

2 Add a few drops of indicator solution to the alkali in the flask.

3 Fill a clean burette with acid. First wash the burette with a little
of the acid you are using.

4 Record the burette reading.

5 QOpen the burette tap and let the acd flow into the flask. Keep swirling
the flask gently to make sure that the acid and alkali mix and react.

6 Keep adding the acid slowly until the indicator changes colour.
This is the end point.

7 Record the reading on the burette. The final reading minus the
initial reading is called the titre. The first time you do this gives
you the rough titre or ‘range-finder titre.

8 Repeat this process at least three times. You can add the acid
rapidly until you are a few cm? from the end point. Ideally, these
will be within 0.1 cm? of each other. Then add the acid drop by
drop so that you can get an accurate titre.

9 If you are doing calculations to find the concentration of the alkali
in the flask, you take the average of the accurate titres. You can
ignore any titres that appear to be inconsistent.

A soluble salt from an acid and alkali

We can make a soluble salt by titrating an alkali with an acid. For

example, if we want to make potassium sulfate we carry out the reaction:
2KOH(ag) + H,S0,(aq) —> KJSO,(aq) + H,0()

potassium +  sulfuric acid i potassium + water
hydroxide sulfate



We first carry out a titration using an indicator to find the correct
volumes of solution to mix. Then we carry it out without an indicator
to prepare a sample of the salt uncontaminated by indicator.

{ PRACTICAL

Making potassium sulfate using the titration method

l

1 Put the alkali in the flask 2 Add add from the burette 3 Repeat the experiment without
with a few drops of indicator. until the indicator changes indicator in the flask. Add the volume
colour. You record the volume of acid you recarded in the last step.
of acid added.
]
5 Allow crystals to form. You then 4 Put the solution from the flask
filter these. The crystals can into an evaporating basin and STUDY TIP
then be carefully washed and evaporate the water until the
dried with filter paper. crystallisation point is reached. You wneed to Leay, the
: Making potassium sulfate using sulfuric acid Proceduwre for a titration,

/ Remenmber that the geid
usually goes in the
burette amg the alkali (in

the -ﬂ.a,gja_

SUMMARY QUESTIONS \

1 Copy and complete using the words below:

alkali burette indicator repeated soluble

A titration method is used to make a salt from an acid 1 A titration is used to make a
and an . The acid is added to the alkali using a soluble salt from an acid and
until the in the flask changes colour. The process is then an alkali.

without using the indicator. -
2 Salts made by the titration

2 Name an acid and alkali you can use to make these salts: method include salts of

a ammonium chloride b sodium chloride Group | elements and

€ ammonium nitrate ammonium salts.

3 Name the salts formed from these acids and alkalis: 3 When making a salt using the
titration method, the titration

a sodium hydroxide + nitric acid e : )
is first carried out using an

b ammonia + sulfuric acid indicator and then repeated
¢ lithium hydroxide + nitric acid. / without an indicator. /
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Supplement

* Demonstrate knowledge

and understanding of the
preparation of insoluble salts
by precipitation

Soluble or insoluble?

This page gives additional information to help you recognise which
compounds are soluble and which are insoluble.

The salts that we have discussed in Topics 11.1 and 11.2 are soluble
in water. Some salts are insoluble. We make these salts by mixing
two soluble compounds. The solid obtained when solutions of two
soluble compounds are mixed is called a precipitate.

If we are going to make salts by precipitation, we must know which
compounds are soluble in water and which are insoluble. Fortunately
there are some rules which help us to do this. We call these rules the
solubility rules. These rules are shown in the table:

soluble compounds

insoluble compounds

all salts of Group | elements

all nitrates

all ammonium salts

most chlorides, bromides and iodides

chlorides, bromides and iodides of silver and lead

most sulfates

sulfates of calcium, barium and lead

Group | hydroxides and carbonates are soluble
(calcium hydroxide is slightly soluble)

most hydroxides and carbonates

Group | and Il oxides react with water

most metal oxides

STUDY Tip

Make sure that You
Rinow what types of
compound are soluble
or tnsoluble, Without
tlr'fis ienowtcdge You
will not be able tp select
Precipitation as the
corvect method to make
a particular salt.

— .

If we want to make an insoluble salt, for example lead chloride, we:
« identify the ions present in the insoluble salt — lead and chloride

* use our solubility rules to choose soluble compounds including
these ions — for example, lead nitrate for the lead and sodium
chloride for the chloride

* add one solution to the other
« filter off the precipitate then wash and dry the solid.

PRACTICAL

Making an insoluble salt

Sodium
chloride
solution

Y

hil B
/ U \ — (<D

[—— 4
\ -

Lead nitrate /
solution

1 We add sodium chloride 2 The precipitgte of lead chloride 3 The precipitate is
solution to lead nitrate that forms is filtered off from washed with distilled
solution and stir the solution water and dried

_ Making lead chloride
o




What happens in a precipitation reaction?

We can explain why a solid precipitates by looking at the reaction
between lead nitrate and sodium chloride as an example.

Pb(NO,),(aq) + 2NaCllag) — PbCl(s) + 2NaNO.(aqg)

We know that in a solution of an ionic compound the ions are free to
move. So our solution of lead nitrate contains lead ions and nitrate ions
that are separate from one another. They are able to move freely and
randomly throughout the water. The water molecules help to keep them
in solution. A similar thing happens with our solution of sodium chloride.

Lead chloride, the insoluble salt, is precipitated when we mix the
solutions. The lead ions in solution have a greater attraction for the
chloride ions than the water molecules that keep them in solution. So
the lead ions and chloride ions come together in large numbers and
form a three-dimensianal ionic lattice. The sodium ions and nitrate
ions remain in solution. They are the spectator ions.

[Key.‘ Lead ionse  Chloride ionsmx Nitrate jonsm Sodium ions o |

When mixed, lead chloride
forms an ionic lattice and sodium
and nitrate ions remain in solution.

Sodium ions and chloride
ions are free to move
in solution.

Lead ions and nitrate
ions are free to move
in solution.

,&ﬁj How a predpitate forms. The water molecules are not shown.
They are represented by the blue background.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

attracted insoluble ion
lattice precipitation spectator

We can make an salt by mixing two solutions of soluble

salts. This type of reaction is called . When the solutions
react the two types of that form the precipitate are
to each other and form a giant . The ions that do not take

part in the reaction are called ions.

2 Which of these compounds are insoluble in water?
a Potassium bromide
b Silver bromide
¢ Sodium hydroxide
d Calcium sulfate
e Lead iodide

3 Write symbol equations for these reactions. Include state symbols.
a Lead nitrate reacting with potassium iodide.

b Iron(ll) chloride, FeCl,(aq), reacting with sodium hydroxide/

Water treatment plants use iron sulfate
or aluminium sulfate to precipitate some
unwanted compounds in the impure water

'DID YOU KNOW?

The tiny creatures that make up
coral reefs concentrate calcium
and carbonate ions around
them. When the concentration
of these ions is high enough,
calcium carbonate precipitates
and forms a protective layer
around them.

=

1 Insoluble salts are made
by mixing solutions of two
soluble salts.

2 All salts of Group | elements,
ammonium salts and nitrates
are soluble in water.

3 Most chlorides, bromides and
iodides are soluble. Those of
lead and silver are insoluble.

/
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* Describe the tests for
hydrogen and oxygen

* Describe tests for ammonia
and chlorine

* Describe a test for carbon
dioxide using limewater

* Describe a test for sulfur
dioxide using potassium

manganate(VII)

STUDY TIP

A common mistake ic

to confuse the teste for
hydrogen and oxygen.

it may help You to :
"Bmgmlaer that ‘lighted’ 'I
(splint) has an W i,

Lt for'hgdrogew and |
glowing’ (splint) has an,

L/

l D Ln it '{‘br QKHQQW J

—

DID YOU KNOW?

109 million tonnes of ammonia
are produced in the world each
year. China produces about a
third of this.

The litmus turns blue because an alkaline gas
is given off. This is probably ammonia.

Many chemical reactions produce a gas as one of the products.
Before we can identify a particular gas we have to collect it. The way
we do this depends on:

* the density of the gas — is it heavier or lighter than air?
* the solubility of the gas in water — is it soluble or insoluble?

We can use a gas syringe to collect any gas. But it is easier to identify
a gas if we collect it in a test tube. There are three ways we can
collect a gas in a test tube:

i — £

- Test tube ——

Water

< b U

Gas—» _/

3 Downward displacement of
water is used for gases which
are insoluble or slightly soluble
in water. For example:
hydrogen, oxygen

2 Upward displacement is
used for gases heavier
than air. For example:
carbon dioxide, chlorine,
hydragen chloride

1 Downward displacement
is used for gases lighter
than air. For example:
hydrogen, ammonia

_ Methods for collecting gases

After collecting the gas in the test tube you put a bung on the tube
so that the gas does not escape before you identify it.

Identifying hydrogen

You put a lighted splint at the mouth of the test tube. If the gas
is hydrogen it burns with a squeaky ‘pop’ sound. The hydrogen is
reacting with oxygen in the air to cause a small explosion when a
flame ar spark is present.

Identifying oxygen

You put a glowing splint into the test tube. If the gas is oxygen the
splint will relight. The splint is made of wood and wood is a fuel.
Fuels burn better in oxygen than in air — there is no nitrogen to dilute
the oxygen. So the splint will burn much better in pure oxygen —so
much so that the glowing splint will relight.

Using the litmus test for ammonia

We can tell if a gas is acidic or alkaline by holding a piece of damp
litmus paper at the mouth of the test tube. If the gas is alkaline it will
turn red litmus paper blue. The gas is almost certainly ammonia if
there is a strong sharp smell as well. If the gas given off in a reaction
is acidic it will turn damp blue litmus paper red.



Identifying carbon dioxide

If we think that a gas given off in a reaction is carbon dioxide, we
can bubble it through limewater. If carbon dioxide is present, the
limewater turns milky or cloudy. A simpler way to test for carbon
dioxide is to simply put a drop of limewater on the end of a flattened
glass rod and hold it above the reaction mixture. But take care that
the drop does not fall off!

Limewater is a solution of calcium hydroxide. This solution is
colourless. But when you bubble carbon dioxide through it, a fine
white precipitate of calcium carbonate is formed:

Ca(OH),(aq) + CO,(g) —> GCaCO,s) + HOl)

2
calcium +  carbon o calcium +  water
hydroxide dioxide carbonate

Carbon dioxide is an acidic oxide. So it reacts with a base to form a salt
and water. If you bubble the carbon dioxide through the limewater for
too long the limewater goes colourless again. This is because the calcium
carbonate dissolves to form saluble calcium hydrogencarbonate.

Identifying chlorine

Chlorine is a poisonous green gas. So if you think chlorine is going to
be released you should carry out the test in a fume cupboard.

You put damp litmus paper or universal indicator paper at the mouth
of the test tube. The indicator paper turns white — it is bleached.

Identifying sulfur dioxide

Sulfur dioxide is a colourless gas with a strong acidic smell. It is
poisonous, so tests for this gas should be carried out in a fume
cuphoard. We use an acidified solution of potassium manganate(VII),
which is purple in colour, to test for sulfur dioxide. When

sulfur dioxide is bubbled through acidified agueous potassium
manganate(VII), the solution turns from purple to colourless.

SUMMARY QUESTIONS

Glass rod

Limewater

Gas——

P

| Testing for carbon dioxide

1 Copy and complete using the words below:
collecting displacement heavier insoluble water

There are several methods of agas. If agasis
than air you collect it by upward of air. If a gas is
in water you can collect it over

2 Describe and explain the test for ammonia.

3 Describe the differences between the test for oxygen and the

test for hydrogen. /

Blue litmus paper

Chlorine gas

Reaction mixture

| Chlorine bleaches litmus
paper

Oxygen relights a glowing
splint.

Hydrogen gives a squeaky
pop with a lighted splint.

Chlorine bleaches damp
litmus paper.

Carbon dioxide turns
limewater milky.

Ammonia turns red litmus
paper blue

Sulfur dioxide turns acidified
potassium manganate(VII)
colourless.

y
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¢ Describe tests for these ions
in aqueous solution: AP+,
Ca2+' C|-3~|'r CUZ"', Fe2+’ Fe3+'
NH,* and Zn?*

¢ Describe flame tests for Li*,

* + i+
Na*, K+ and Cu /J

A light blue precipitate forms when we add
sodium hydroxide solution to a sclution
containing Cu®* ions

DID YOU KNOW?

Copper(Il) ions are used to
clean ponds and keep them free
of algae (green slime).

Many compounds look similar in the laboratory. If you have a white
powder it could be sodium chloride, magnesium sulfate or aluminium
oxide. Even coloured compounds may appear colourless when they
are dissolved at low concentration in aqueous solution. For example:
iron(IT) sulfate has light green crystals but when dissolved in water it
appears colourless unless you make a very concentrated solution.

So how can we identify a substance in solution? One way to do this is
to use aqueous sodium hydroxide or aqueous ammonia. These alkalis
can be used to identify positive ions in compaunds. Positive ions are
often called cations because they move to the cathode when an
ionic solution is electrolysed.

If you have a solid that you want to identify it is best to dissolve

it in a little water first and use this aqueous solution for the test.

The procedure for identifying an unknown cation is:

* Put a small amount of the solution you want to identify into a test tube.
* Add a few drops of aqueous sodium hydroxide.

* Observe the colour of any precipitate formed.

* Add excess agueous sodium hydroxide and shake the test tube.

* Record whether or not the precipitate dissolves, and any colour changes.

This procedure can be repeated using aqueous ammonia instead of
sodium hydroxide.

The table shows the results if particular cations are present.

You can see that sodium hydroxide and ammonia react in a similar
way with some of the ions. However we can use these two alkalis to
distinguish the colourless solutions containing aluminium and zinc
ions. If the alkalis are not in excess the precipitates formed are metal
hydroxides. The equations for all these reactions are similar.

metal cation

result with aqueous sodium hydroxide

result with aqueous ammonia

aluminium, AFF* | white precipitate

soluble in excess (colourless solution)

white precipitate
insoluble in excess

calcium, Ca’* white precipitate

insaluble in excess

no precipitate or very slight white precipitate

copper(Il), Cu’*

light blue precipitate
insoluble in excess

light blue precipitate
soluble in excess (dark blue solution)

chromium(ITI),
Cre+

grey-green precipitate
soluble in excess green solution

grey-green precipitate insoluble in excess
partly dissolves on standing to form violet solution

iron(Il), Fe?*

grey-green precipitate
insoluble in excess

grey-green precipitate
insoluble in excess

iron(I11), Fe*+

reddish-brown precipitate
insoluble in excess

reddish-brown precipitate
insoluble in excess

zing, Zn** white precipitate

soluble in excess (colourless solution)

white precipitate
soluble in excess (colourless solution)




For copper(Il) ions the equation is:
Cu**(ag) + 20H(ag) —> Cu(OH),(5)
copper(ll} ions + hydroxide ions —> copper hydroxide

The aluminium and zinc ions dissolve in excess sodium hydroxide
because they form soluble aluminates and zincates (see Topic 10.5).

We can also test for ammonium ions using sodium hydroxide solution.
When a solution containing ammonium ions is heated with sodium
hydroxide solution, ammonia gas is given off. This turns red litmus blue.

NH,*(ag) + OH(agq) —> NH,(g) + H,0()

ammonium ions + hydroxide ions —>  ammonia +  water

Flame tests

A flame test can be used to identify some cations, espedially those in
compounds containing elements from Groups | and II. The procedure is:

* Clean a platinum or nichrome wire by dipping it in concentrated
hydrochloric acid.

* Place a sample of the compound on the end of the wire.

* Hold the wire on the edge of a non-luminous (blue) Bunsen flame.

* Note any change in the colour of the flame.

The typical flame test colours for some metal ions are shown in the table.

Metal ion Flame colour
Lithium (Li*) red
Sodium (Na™*) yellow
Potassium (K*) lilac

Copper(II) (Cu**) blue-green

SUMMARY QUESTIONS

STUDY TIP

Whew testing for metal
Lons using sodivum

hg droxide, make siire
thfzt You Ldemti.ﬁj three
things: (i) if there Ls

A precipitate (ii) the
e.f:‘L‘o ur of the Precipitate
(LiL) what happens when
You add excess sopivim
hydroxide.

~ .

1 Copy and complete using the words below:

ammonia cations distinctive hydroxide
precipitate white zinc

A solution containing metal can be identified using

aqueous sodium or agqueous A is formed.
This often has a colour. Zinc and aluminium ions both

form precipitates with aqueous ammonia but only the
precpitate from  dissolves in excess ammonia.

2 State the colour of the precipitate when solutions containing
these ions react with a few drops of sodium hydroxide:

a iron(II) b zinc c copper
3 How you can distinguish between a solution containing zinc

ions and a solution containing calcium ions? )

non-luminous
flame

oy

Pt wire with
sample on loop

4 Carrying out a flame test

1 We can use aqueous sodium
hydroxide and aqueous
ammonia to identify
unknown cations.

2 When sodium hydroxide
is heated with a solution
containing ammaonium ions,
ammonia gas is produced.

3 Aluminium hydroxide and
zinc hydroxide precipitates
dissolve in excess sodium
hydroxide but only zinc ions
dissolve in excess aqueous
ammonia.

4
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* Describe the tests for
halide ions

* Describe the tests for
carbonates, nitrates and
sulfates and sulfites

Chloride, bromide and iodide ions give
different colour precipitates with silver nitrate

STUDY TIP

Rfawtember that Yow add
witrie aciod and silvey
witrate in the test for
halide tone. if Yow add
hydrochlorie acigl You
will be adding chloride

Long!

Limewater )/

~ Carbonate

2621 The test for carbonates

In the last topic we saw that we can test an unknown substance to
identify the positive ion present. We used an alkali to do this. We can
also carry out particular tests to identify negative ions. Negative ions
are called anions. If we want to find the type of anion present in an
unknown compound we have to use a variety of tests.

When we have completed all our tests for both cations and anions we
can identify the unknown compound. We can also carry out further
tests to confirm our conclusions. The whole process of finding out what
elements are present in a compound is called qualitative analysis.

Identifying chlorides, bromides and iodides

We call the simple ions of the Group VIl elements halides. Chlorides,
bromides and iodides are all halides. Halides can be identified using
aqueous silver nitrate. The procedure is as follows.

To a small volume of the halide solution in a test tube:

* add an equal volume of dilute nitric acid
+ add a few drops of aqueous silver nitrate
* observe the colour of the precipitate.

Chlorides give a white precipitate.
Bromides give a cream precipitate.
lodides give a pale yellow precipitate.

The precipitates are the silver halides, for example:

Ag*lag) + Brilag) —— AgBris)
silver bromide silver
ions ions bromide

In the presence of sunlight the silver chloride precipitate goes greyish-
purple very quickly. The silver bromide goes greyish-purple slowly.
This photochemical reaction was discussed in Topic 8.6.

Identifying carbonate ions

We add dilute acid to the unknown compound. The unknown
compound can be either a solid or a solution. If a carbonate is
present we will see effervescence (bubbles of gas). We test to see if
the gas given off is carbon dioxide using limewater.

Identifying nitrates

The identification of nitrates makes use of the test for ammania.
The procedure is:

* Put an aqueous solution of the unknown compound into a test tube.
Add agueous sodium hydroxide, then aluminium foil and warm gently.



« Test the gas given off with a piece of damp red litmus paper placed
at the mouth of the test tube. If ammonia is given off, the litmus
paper will turn blue. So the compound is likely to be a nitrate.

Identifying sulfates
Barium chloride or barium nitrate solution is used to test for sulfates.
The procedure is:

* Put an aqueous solution of the unknown compound into a test tube.

* Add an equal volume of dilute hydrochloric acid and then add
an aqgueous solution of a soluble barium salt. This can be barium
chloride or barium nitrate.

« If a white precipitate is formed the compound is a sulfate.
The equation for this reaction is:

Ba’*(ag) + SO,(aq) —> BaSO,(s)

barium ions sulfate ions barium sulfate

{white precipitate)

Indentifying sulfites

Most sulfites are insoluble. The exceptions are sulfites of the Group Il
elements and ammonium sulfite. Sulfites contain the ion SO,*". So
the formula for sodium sulfite is Na,SO, and the formula for calcium
sulfite is CaSO..

To test for the presence of a sulfite ion, we add dilute hydrochloric
acid and warm gently. If sulfur dioxide is given off, we know

that a sulfite is present. Sulfur dioxide turns acidified potassium
manganate(VII) from purple to colourless. The test is most easily
done by placing a piece of filter paper soaked in acidified potassium
manganate(VII) above the test tube containing the acid and sulfite.

SUMMARY QUESTIONS

1 Name the anions present in the following precipitates:

a Nitric acid was added to a solution followed by agueous
silver nitrate. A pale yellow precipitate was observed.

b Hydrochloric acid was added to a solution followed by
aqueous barium chloride. A white precipitate was observed.

2 State the tests to identify these anions and give the result if the

test is positive.

a nitrate

b carbonate

¢ chloride
3 A student wants to identify the compound in solution Y.

To one sample of Y she adds nitric acid followed by aqueous

silver nitrate. A pale yellow precipitate is formed. To another
sample of Y she adds a solution of sodium hydroxide. A blue

precipitate is formed. Identify the compound in solution . /

Carbonates can be identified
by adding a dilute acid to an
unknown compound then
testing the gas produced with
limewater.

Halides are identified by the
colour of the precipitate
obtained when silver nitrate is

added.

Nitrates are identified by
adding sodium hydroxide
and aluminium foil, warming
gently, then testing for the
release of ammonia gas.

Sulfates are identified by
adding acidified barium
chloride to the unknown
compound. A white
precipitate indicates the
presence of a sulfate.

Sulfites are identified by
adding dilute hydrochloric
acid, warming and testing for

sulfur dioxide. /
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SUMMARY QUESTIONS

1 Match the ions or molecules on the left with
the correct test reagents on the right.

iron(Il) ions silver nitrate

iodide ions acidified barium nitrate
heat with aluminium
sulfate ions powder and sodium

hydroxide

carbon dioxide sodium hydroxide

nitrate ions limewater

2 Copy and complete using words from the list
below:

crystallise evaporating excess
filtered filtrate salt sulfuric water

Zinc sulfate is a that can be made by
reacting zinc with acid. The
excess zinc is off. The of zinc
sulfate solution is then put into an
basin. Some of the is boiled off and the
solution is left to

3 Both hydrogen and oxygen can be identified
by a test involving a wooden splint.

a State the differences between the tests for
these two gases.

b State the differences in the results
obtained from these tests.

4 Draw a flow chart to show how to make crystals
of sodium chloride from aqueous solutions of
hydrochloric acid and sodium hydroxide.

5 Describe three different methods of making
the soluble salt calcium chloride. For each
method describe:

* suitable reagents that can be used
* which reagent, if any, is in excess.

PRACTICE QUESTIONS

1 Sodium hydroxide is added to solution M.
A reddish-brown precipitate is formed.
Solution M contains:

A iron(Il) ions
B iron(IIl) ions
C copper(Il) ions
D silver() ions.
(Paper 1)
2 Which one of these methods is used to

prepare the salt ammonium chloride from
agueous ammonia?

A Precipitation reaction
B Adding ammonia to an insoluble oxide
C Adding agueous ammonia to a metal
D Titration
(Paper 1)
3 Which one of the following ions gives a red
colour in the flame test?
A copper
B lithium
C potassium
D sodium

(Paper 1)

7 Suggest the best method for making each of
the following salts. Choose from:

i titration

ii precipitation

iii adding an insoluble metal or metal
compound to an acid.

a Lead bromide from lead nitrate and

6 Which of the following compounds are
soluble in water and which are insoluble?

a silver chloride b
calcium carbonate d

sodium bromide
sodium carbonate
f magnesium chloride

C
e lead sulfate
g iron(IT) hydroxide

lead nitrate h

potassium bromide

b Potassium nitrate from nitric acid and
potassium hydroxide

¢ lron(IIl) hydroxide from iron(III) chloride
and sodium hydroxide

d Copper(Il) sulfate from copper(II)
carbonate and sulfuric acid.




4 Some of the instructions for making crystals of
magnesium sulfate are given below.

* Heat excess magnesium oxide with sulfuric
acid.

e Filter off the excess magnesium oxide.
* Put the filtrate into an evaporating basin.

(a) Complete the instructions to produce pure
dry crystals of magnesium sulfate. [3]

(b) Why was excess magnesium oxide used?[1]
(c) (i) Describe a test for sulfate ions. [1]
(ii) Describe what you observe in this test
if sulfate ions are present. [1]
(Paper 3)
5 M is a white powder that dissolves in water to
form a solution with a pH of 3.5.

(a) Describe the effect of a solution of M on
blue litmus paper. [1]
(b) When a solution of M is added to solid L,
a colourless gas is given off. How can you
show that this gas is carbon dioxide?  [2]
(€) The solution formed contains calcium
ions. How can you show that the solution

contains calcium ions? (3]
(d) Identify solid L. Give reasons for your

answer. (3]
(Paper 3)

6 A student wants to make the soluble salt
potassium chloride from potassium hydroxide
using a titration method.

(a) Suggest a suitable compound that the

student could add to potassium hydroxide
to make potassium chloride by this

method. [1]
(b) Draw a labelled diagram of the apparatus
required to carry out a titration. (3]

(c) Describe how to carry out a titration.  [3]

(d) Describe how to make colourless crystals of
potassium chloride using this method. [3]

(e) How can you show that the crystals
contain chloride ions? [3]
(Paper 3)
7 Lead iodide, Pbl,, and barium sulfate, BaSO,,
are insoluble salts.

(a) Suggest two compounds that you can use
to make lead iodide. 2]

(b) Write an ionic equation for this reaction.

Include state symbols. [3]
(c) Describe the method used to make dry
lead iodide crystals. [3]

(d) How can you show that the crystals
contain iodide ions? [3]

(e) Barium sulfate can be prepared by the
following reaction:
Ba(NO,),(aq) + Na,SO,(aq)
—> BaSO,(s) + 2NaNO,(aq)

(i) Write an ionic equation for this
reaction. [2]

(ii) How can you show that a solution of
barium nitrate contains nitrate ions?

[3]
(Paper 4)

8 Most iron(Il) and iron(III) salts are soluble in

water.
(a) (i) How can you distinguish between
solutions of iron(Il) and iron(II) salts
using sodium hydroxide? (2]
(ii) Explain why addition of ammonia to
iron(IT) and iron(III) salts gives the
same results as in part (i). [2]
(b) Crystals of iron(Il) chloride gradually
change from light green to yellowish
brown when left in the air.

(i) Suggest why this colour change

happens. (2]
(ii) Write an ionic equation for this
reaction. [1]

(c) Very dilute solutions of iron(IT} chloride
and iron(II) sulfate have similar colours.
Explain how you can distinguish solutions
of these compounds. Give full details of
the tests you can carry out as well as the
expected results. [3]

(d) (i) Describe how you can make the
soluble salt iron(II) sulfate from iron.
[4]
(ii) Write an equation for the reaction you
have chosen in part (i). Include state
symbols. [3]

(Paper 4)
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12 The Periodic Table

We have already seen that the elements in the Periodic Table are
arranged in order of their proton number (atomic number). In the

* Describe the arrangement of Periodic Table the elements are arranged so that elements with similar
the elements in the Periodic properties fall under each other in vertical columns. We call these
Table vertical columns groups.

* Describe the change from We call the horizontal rows periods. You will notice that hydrogen
metallic to non-metallic is all on its own and not given a group. We do not put it in Group |.
character across a period Although it has one electron in its single shell it has totally different

» Describe the relationship properties from the Group | metals.
between the group number, Metals are on the left-hand side of the Periodic Table and non-metals
number ofbouter electrons are on the right. But the dividing line between metals and non-metals
and metallic/non-metallic is not very clear. If you look at the dividing line between metals and
character non-metals you will see that it looks like a staircase. Just either side of

* |dentify trends in the Periodic this dividing line some elements show a combination of metallic and
Table ] non-metallic properties. We call these elements metalloids.

Vill or O
Group numbers Atomic number [1 F ""
I_ I_I Atomic mass {j |
™ ¢
Li | Be
74l o
% i
23 2%

2t | gy ] 73 74 75 76 77 28 79
K| Ca| Sc| Ti V Cr| Mn| Fe | Co| Ni | Cu
&30 .40 45 48 51 52 55 56 59 59 63.5
37 38 39 40 41 42 43 44 45 46 47
Rb| Sr | Y | Zr| Nb| Mo| Tc | Ru| Rh | Pd | Ag
.. B5 | B8 89 91 93 96 98 101 103 106 108
55 56 57 72 73 74 75 16 17 78 79
Cs| Ba| La]J Hf | Ta| W | Re| Os | Ir Pt | Au
133 b az| 139 | 178 | 181 | e | 186 [ 190 | 192 | 195 | 197
" 89

g
2F2F3 52 i? —»Elements 58-71 and 90-103 (all metals) have been omitted

Reactive ' Transition metals | Other metals [ Non-metals [ Noble gases [
metals -

e - o]

The Periodic Table

Trends down the groups

Elements in the same group have similar chemical properties. This is due to
the fact that each element in the group has the same number of electrons

DID YOU KNOW? in its outer shell. These are the valency electrons. Group | elements have

Mendeloey e addictad 1o one valency electron, Group Il elements have two and so on.
the game of ‘patience’, which Within each group we can identify trends in physical and chemical
involves playing cards placed properties down the group. In Group | the elements get more
vertically and horizontally. reactive down the group but in Group VIl they get less reactive down
Perhaps he used this as an idea the group. In many groups there is also a trend from being less
when arranging the elements in metallic at the top of the group to more metallic at the bottom. This
the Periodic Table. / is very obvious in Group IV where carbon at the top is a non-metal
but tin and lead at the bottom of the group are metals.
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Quter electrons and the Periodic Table

The number of outer electrons in the Periodic Table varies with the
Group number.

Group | Il I IV VoL VE | VIE VI

number of outer

shell elecrons ] s 3 4 3 b ¢ 8

Groups |-l are metals (except boron). Their atoms form ions by
losing electrons.

Groups IV and V have non metals at the top and metals at the
bottom (see Fig 12.1.1).

Groups VI and VIl are mainly non-metals. The atoms of groups VI and
VIl form ions by gaining electrons.

Trends across a period

As you read down the Periodic Table each period has one more
electron shell than the one before it. Hydrogen and helium are the
only two elements in Period 1 because the first shell can hold a
maximum of only two electrons.

The second period starts with lithium. As you read across Period 2 each
successive element has one more electron in its outer shell until you reach
neon with the maximum number of eight electrons. The third period is
similar. The fourth period is complicated by the transition elements which
form a block of metals in the middle of the Periodic Table.

There are also trends across a period. For Periods 2 and 3 the melting
and boiling points tend to increase up to Group IV and then decrease
again towards Group VIII. This reflects the different structures of the
elements in each group. So for Period 2: on the left we have metallic
structures; in the middle we have a giant covalent structure (carbon) in
Group IV; on the right we have non-metals with molecular structures.

STUDY Tip

You weed to know where
the wmetals and WO
m,e\‘EaLs Appear L the
Pertodic Table. You do not
have top remenmber exget]
the dividing line between,
fuetan and non-metalg
b Groups (1l to v,

1 Elements in the same group
of the Periodic Table often
have similar properties.

2 Metallic character decreases
across a period but increases
down a group.

3 There are trends in properties

Melting point /°C

A —

30004

20001

10004

T e,
LiBe B C N O F Ne

igure 12.1.2| How the melting points vary across Period 2

As you read across a period there are also differences in chemical
properties. We have the basic oxides on the left and the acidic oxides
on the right. Most metal oxides are basic oxides and most non-metal
oxides are acidic oxides.

down a group as well as
across a period. 4
SUMMARY QUESTIONS
1 Copy and complete using the
words below:;

chemical eight electrons
groups proton outer

In the Periodic Table the
elements are arranged in
order of increasing

number. Across Periods 2 to
6 the number of outer
increases to a maximum of
. Elements in many
have similar
properties because they have
the same number of
electrons.

2 Describe how:

a metallic character
b melting point

change across a period.

4
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¢ Describe the trends in physical
properties of the Group |
metals

* Describe how lithium, sodium
and potassium react with water

* Predict the properties of other
Group | metals W,

g 3-'
Li
e 7.
il
Na
23

g

223

The Group | metals are called the alkali metals. They are a family
of metals with similar chemical properties. They are rather unusual
metals because they are soft and have fairly low melting points.

Lithium, sodium and potassium are the only Group | metals you will see
in the school laboratory, so we will concentrate on these three. These
metals have to be stored under oil to stop them reacting with oxygen in
the air. When cut, they show a silvery surface that oxidises very quickly.

Physical properties of the alkali metals

The table shows some physical properties of lithium, sodium and

potassium.
metal electronic | density/ g | melting | boiling hardness
structure | per cm? point /°C | point /°C
lithium 2,1 0.53 181 1342 fairly soft
sodium 2,81 0.97 98 883 soft
potassium | 2,8,8,1 0.86 63 760 very soft

1 The alkali metals

Alkali metals are stored in oil

Potassium {on the left) reacts more rapidly
with water than lithium (on the right)

There are several trends down the group:

* The melting points and boiling points decrease down the group.
* The metals get softer down the group.
* There is a general increase in density down the group. At first sight

it seems that the densities show no trend. But if we include the
other Group | elements we can see that there is one:

density in g/em? Li 0.53; Na 0.97; K0.86; Rb 1.53; C5 1.88
It is sodium that upsets the pattern.

We can use these trends to predict the physical properties of other
alkali metals. For example, we can predict that the melting point of
rubidium will be lower than the melting point of potassium by about
20-30 °C. This gives a melting point for rubidium of about 33-43 °C.
Its actual melting peint is 39 °C.

/D EMONSTRATION

Reacting alkali metals
with water

Very small piece
of alkali metal

Small pieces of lithium,
sodium and potassium are
dropped into a large trough
of water one by one. You
observe what happens.
When each reaction has
finished a few drops of
universal indicator are
added to the trough.

Tweezers

Trough of
water

_ Adding an alkali metal to

water _.4-”,




The reaction of the alkali metals with water

When we add the alkali metals to water, bubbles are formed and we
hear a fizzing sound. We can make other observations too.

The results are shown in the table;

lithium fizzes slowly, | disappears | moves slowly | remains solid,
a few bubbles | slowly on the surface | no flames
sodium fizzes quickly, | disappears | moves quickly | meltsinto a
many bubbles | quickly on the surface | liquid ball,
no flames
potassium | fizzes violently, | disappears | moves very melts into a
even more very quickly on the | liquid ball,
hubbles quickly surface violet flame

STUDY TIP

When You describe
observations,

concentrate on what

%tou see, hear, smell o
el bgj toueh.,

You can see that the reactions get more vigorous down the group. So
you can predict that the reaction of rubidium with water will be very
violent, bursting into flame very quickly, with lots of bubbles. It may
even explode!

The reactions of the alkali metals with water are very similar — it's just
the reactivity that is very different. The bubbles and fizzing are caused
by hydrogen gas which is released in the reaction. We observe a
flame with potassium because the reaction is violent enough to make
the hydrogen catch light. Sparks are often seen as well.

When we add universal indicator to the trough, the solution turns
purple. This shows that an alkali has been formed. Alkalis have OH-
ions which have come from the metal hydroxides formed. That's
why the Group | metals are called alkali metals. We can write similar
equations for each metal reacting with water. For example:

2Li(s) + 2H,0() —> 2LiOH(@aq) + H,(g)

lithium water — lithium + hydrogen
hydroxide

2K(s) + 2H,0() —> 2KOH(aq) + H,(g)

potassium water —>  potassium t hydrogen
hydroxide

SUMMARY QUESTIONS

1 Copy and complete using the words below:

alkali
increases

fire fizzes hydrogen hydroxide
rapidly surface

The Group | metals are also called metals. They react readily
with water to produce gas and an alkaline solution of a
metal . Their reactivity  down the group. Lithium
slowly on the of the water but potassium fizzes
and the hydrogen produced catches :

2 The boiling point of sodium is 883°C. The boiling point of
potassium is 760°C, Predict the boiling point of rubidium.

3 Write a balanced equation for the reaction of sodium with waten/

STUDY Tip

Whew You compare
Group | metals,
re'wmber that they have
‘similar Properties’ NOT
‘the samce properties’
‘m’e Properties change
slightly down the Qroup.

DID YOU KNOW?

Francium was the last element
discovered that was natural
rather than made in the
laboratory. Only about 30grams
of francium exist in the Earth’s

crust at any one time.

1 The Group | elements show a
trend in physical properties such
as hardness, melting points and
density down the group.

2 Group | elements all react
with water to produce
hydrogen and a solution of
the alkali metal hydroxide.

3 The chemical reactivity of the
alkali metals increases down

the group.
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* Describe the trends in physical
properties of the halogens

* Describe how the halogens
react with halide ions

* Predict the properties of other

elements in Group VII

Chlorine is a gas, bromine is a liquid and iodine
is a solid at recom temperature and pressure

_ The Group VIl elements

DID YOU KNOW?

About 2000 kg of poisonous
mercury pollutes the atmosphere
and oceans every year as a result
of making chlorine using out-of-

date electrolysis methods.

The Group VIl elements are called the halogens. They are poisonous
non-metals that have low melting and boiling peoints. They all exist
as diatomic molecules - they have two atoms in each molecule.
Chlorine, bromine and iodine are the only halogens that you will see
in the school laboratory, so we will concentrate on these three.

Trends in physical properties
The halogens show trends in their physical properties:

halogen | electronic | melting | boiling | state colour
structure point/°C | point/°C | at r.t.p.

chlorine | 2,8,7 -101 —-35 | gas green

bromine | 2,8,18,7 -7 +59 | liquid | reddish-brown

iodine |2,8,18,18,7 +114 +184 | solid greyish-black

You can see from the table that:

* the melting and boiling points of the halogens increase down the
group. This is the opposite trend to the Group | metals.

* as a result of the trend in melting and boiling points, the state of
the halogens at room temperature changes from gas to liquid to
solid down the group.

« the colour gets darker down the group.

You can predict the properties of other halogens by observing the
trends down the group. For example, fluorine will be lighter in colour
than chlorine and will have a lower boiling point. Fluorine is a pale
yellow gas that boils at —188 °C. We can also predict that astatine will
be a black solid with a higher boiling point than iodine.

Trends in chemical reactivity
Reactions with Group | elements

The salts formed when metals react with halogens are called halides.
Chlorides, bromides and iodides are all halides. Chlorine, bromine
and iodine all react with sodium to form halides. For example:

heat
2Na(s) + Cl(g) ——> 2NaCl(s)
sodium + chlorine —>  sedium chloride
The reactivity of the halogens with sodium decreases down the

group. This reactivity trend is opposite to the order of reactivity of the
Group | elements.

Reactions of halogens with halide ions
When an agqueous solution of chlorine reacts with aqueous potassium
bromide, potassium chloride and bromine are formed:

Cl(aq) + 2KBr(agq) —> 2KCl(aq) + Br,(aq)

chlorine 4+ potassium ——=  potassium + bromine
romide chloride



Supplement

We call this a displacement reaction because one type of atom
has replaced another. In this case chlorine has replaced the bromine
in the potassium bromide. We say that chlorine has displaced the
bromine. We can use displacement reactions to show that the trend
in reactivity of the halogens decreases down the group.

{ PRACTICAL

Reacting halogens
with halides
In this expenmentlwe Kiliis
use agueous solutions chlorine |
of halogens and halides. (halogen) 6
We add the halogen to
the halide and observe
any change of colour. We Aqueous

A : potassium
repeat this with different bromida
combinations of halogens (halide)

and halides.

) Aqueous chlorine reacts

with agueous potassium bromide S

The table shows the colour changes when halogens are added to different
halides. A cross shows that there is no colour change. In aqueous solution
chlorine is very light green, bromine is orange and iodine is brown.

STUDY TIp

N:miee Sure that You can
distinguish between the
hat?gews (elements) amd
ha)l.r,des (compou.wds).
ltis a COMLMLOW erypr
to write chilorime Lone
bnstead of ehloride ione.

KEY POINTS

1 Halides are salts formed when
metals react with halogens.

2 The reactivity of halogens
decreases down the group.

3 A more reactive halogen
displaces a less reactive
halogen from a solution of its

halide. 4

halogen halide
potassium potassium potassium
chloride bromide iodide
X turns orange turns brown
bromine X X turns beWn
iodine X X X

In these reactions the colour changes show that chlorine displaces
bromine (orange) from potassium bromide, and iodine (brown) from
potassium iodide. Bromine has only displaced iodine from potassium
iodide. lodine has not reacted at all. So the more reactive halogen
displaces the less reactive halogen from a solution of its halide. Chlorine is
the most reactive and iodine is the least reactive of these three halogens.
So, aqueous iodine will not react with aqueous potassium bromide. This
is because iodine is less reactive than bromine. The equations for all the
displacement reactions are similar to the one at the bottom of p 156.

These displacement reactions are examples of redox reactions. \We
can see this more clearly if we write ionic equations for the reactions.
So for the reaction:

Cl(aq) + 2KBr(agq) —> 2KCl(ag) + Br,(aq)
the ionic equation is:

Cl(aq) + 2Br{aq) —> 2Cl(aq) + Br,(aq)
Chlorine has gained electrons to form chloride ions

Bromide ions have lost electrons to form bromine — this is oxidation.

SUMMARY QUESTIONS

1 Copy and complete using
the words below:

chlorine decreases
diatomic halogens
iodine liquid
We call the Group VI
elements . All
halogens have
molecules. Their reactivity
down the group.

Atr.t.p. is a green
gas, bromine is a reddish-
brown and is

a greyish-black solid.

2 Explain why aqueous
potassium chloride does
not react with bromine.

this is reduction.

3 Write an ionic equation
for the reaction of
chlorine with aqueous
potassium iodide.
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¢ Describe the noble gases as
being unreactive, monatomic
gases and explain this in
terms of electronic structure

* State the uses of the noble
gases in providing an inert
atmosphere

* |dentify trends in groups
other than |, VIl and VI
given information about the
elements concerned

Supplement

_ All the noble gases are

found in Group VIl of the
Periodic Table

STUDY TIP

It is better to wyite that
the noble gases are
unreactive ‘because the
electronic configuration
ks energetically stable’
thaw to write the outer

shells are full op complete,

or have eight electrome’,

The noble gases

The gases in Group VIl or O are called the noble gases. All these
gases are unreactive because they have a full outer shell of electrons.
They do not need to gain, lose or share electrans to form compounds.
This is why they exist as single atoms - they are monatomic.

Many of the noble gases are found in the air. Argon forms about 1%
of the air. The others are present in very small amounts. We usually
obtain the noble gases by the fractional distillation of liquid air. We
can extract helium from natural gas where it occurs as an impurity.

Properties of the noble gases

Physical properties: The nable gases show definite trends in their
physical properties.

The density of the noble gases increases down the group. Helium is
much lighter than air and neon is a little lighter than air. The other
noble gases are heavier than air.

Chemical properties: the noble gases are colourless non-metals.
They are monatomic (exist as single atoms) and are unreactive
chemically. This is because their electronic structure with eight outer
shell electrons (or two in helium) is energetically stable. Electrons

in their outer shell cannot be easily removed, added or shared with
other atoms to form compounds.

Uses of the noble gases

Many of the uses of the noble gases rely on the fact that they are
unreactive,

Helium is used in weather balloons and airships because it is lighter
than air. It is safer to use than hydrogen hecause it is inert. Hydrogen
is highly flammable. A mixture of helium and oxygen is used by deep-
sea divers.

Neon is used in advertising signs because it glows red when a high
voltage is passed through it.

Argon is used as an inert atmosphere in the extraction of titanium to
stop the metal oxidising as it is extracted. It is also used to provide an
inert atmosphere during welding. We also use argon in electric light
bulbs containing a tungsten filament to prevent the filament burning.

Krypton is used in lasers for eye surgery and in bulbs for car
headlamps.

Xenon is used in lamps where a very bright light is required. Examples
include in lamps for lighthouses and hospital operating theatres. It is
alsa used in lasers.
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Trends in other groups

We can identify trends in physical and chemical properties in most
groups in the Periodic Table. You do not have to remember these
trends but you should be able to identify them when given suitable
information.

In Groups Ill to VI these trends are often associated with a change
from non-metals to metals down the group. Very often these trends
are general — sometimes one element may spoil a regular pattern.

Melting point /°C Density in g/cm?
A A

3000 1 124

2000 1 81

1000

) I

E 7 G -
C Si Ge Sn Pb C Si Ge Sn Pb

_' rends in the melting point and density of Group IV elements

Sometimes the differences in the chemical properties within a group
can be very marked. In Group VI the non-metal, oxygen, at the top of
the group has totally different properties from the metal polonium at
the bottom of the group.

Group Il metals have some trends similar to Group |:

* they show increased reactivity with oxygen down the group.
* they show increased reactivity with water down the group.
But they do not show a very regular trend in density and melting

points. There are other trends though. For example, the solubility of
the hydroxides increases down Group Il

SUMMARY QUESTIONS

1 Copy and complete using the words below:

electrons energy Group outer noble unreactive

The elements in _ VIl of the Periodic Table are called the
gases. They are generally because it takes too
much to add or remove from the shell.
2 Explain why:

a helium is used in weather balloons
b argon is used in tungsten filament light bulbs.
3 Describe the trend in the density of the noble gases down the

group. /

Helium is used to fill balloons because it is
less dense than air

DID YOU KNOW?

Although it is often said that the
noble gases are totally unreactive,
some compounds of argon and
xenon have been made.

1 The noble gases are
unreactive because their
electronic structure is
energetically stable.

2 The noble gases show trends
in physical properties down
the group.

3 Many of the uses of the
noble gases depend on their
unreactive nature. /
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* Describe transition elements

Supplement

as metals having high
densities, high melting points,
forming coloured compounds
and acting (as elements and
compounds) as catalysts

* Know that transition elements
have variable oxidation states

This jet engine has strong turbine blades
made from transition metal alloys that can
withstand high temperatures

STUDY Tip

It is a common ervor to
suggest that tramsition
elenments are highl
coloured. 1t i the

compounds of transition

elements which have a
range of colours,

The transition elements form a block of about 30 elements in the
middle of the Periodic Table. They are all metals with typical metallic
properties. They all conduct heat and electricity, are malleable and
ductile, and are shiny and sonorous,

Group:

Cr |Mn| Fe | Co

Transition metals

_ The position of the transition metals in the Periedic Table

Many of the properties of transition elements are similar but they are
very different from the metals in Groups |, Il and lll. We can see this
by comparing some of their physical and chemical properties.

Melting point /°C
F 3

2000 1 o

1500 1 ]

1000 1

500 1

K Ca Sc Ti V C MnFe Co Ni Cu Zn Ga

Density in g[cm3
A
10 4

K Ca Sc Ti V C MnFe Co Ni Cu Zn Ga

_ Comparing the melting points and densities of the metals in Period 3




Supplement

Physical properties
We use the following properties to distinguish transition metals from
metals in Groups |, [l and 11l

Transition elements:

* have very high melting and boiling points. For example, the melting
point of chromium is 1857°C. The melting point of potassium in
Group | is only 63°C.

* have very high densities. Compare the densities of chromium and
potassium: chromium 7.2 g/cm?®; potassium 0.86 g/cm?,

* are stronger and harder than Group | metals.

Chemical properties

Many of the chemical properties of the transition elements set them
apart from other metals:

* They form coloured compounds. For example iron(Il) salts are often
light green in colour but iron(II) salts are yellow or brown. Salts of
Group | and Il metals on the other hand are usually colourless.

* They form complexions. These are ions that are complicated in
structure. In Topic 11.5 we identified copper(Il) ions in solution hy
adding ammonia. When we add excess ammonia we get a dark
blue solution. This colour is due to a complex ion. Ammonia forms
bonds with the copper ions.

* Many transition elements and transition element oxides are good
catalysts. Iron is a catalyst for the Haber process (see Topic 16.2).
Vanadium(V) oxide is the catalyst used in the manufacture of
sulfuric acid.

* They are less reactive than metals from other groups. They do not
react with cold water, although some react with steam.

DID YOU KNOW?

Coins made from transition
elements are self-sterilising
because the transition element
ions poison any bacteria that
may stick to their surface,

* They have more than one oxidation state — they have variable valency.
For example, iron can form iron(IT) ions, Fe?*, or iron(Ill} ions, Fe**.
Many transition elements have a very wide range of oxidation states.
For example, manganese can exist in positive oxidation states ranging
from +1 to +7. This does not mean that you can get ions with a 7+
charge. You cannot get ions with more than a 3+ charge.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

block catalysts coloured densities high middle

The transition elements form a of about 30 metals in
the of the Periodic Table. Most transition elements have
melting and boiling points and high compared

with the metals in Groups I, Il and I, Transition elements form
compounds and are good

2 State two differences in physical properties that distinguish
transition elements from Group | elements.

3 Why do most oil paints used by artists contain transition

2 Transition elements have

4 Compounds of transition

element compounds? /

STUDY TIP

Rémember that
oxidation state dpes
not always vefer tp the
charge on the Lons. For
example, in pPotassivm,
manganate (vi1),
KMo, the oxidation
state of manganese (<

’+31 but the manganese

Lon with the highest

charge is M2+,

1 Transition elements have high
melting and boiling points
and high densities.

several different oxidation
states in their compounds.

3 Transition elements and their
compounds often act as
catalysts

elements are highly coloured. /
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SUMMARY QUESTIONS

1 Copy and complete using words from the list.

alkali coloured darker high less
melting middle oxidation soft

The  metalsareagroupof  metals
that decrease in point down the group.
Halogens are non-metals that get in
colourand  reactive down the group. The
transition elements are a block of 30 elements in

the  of the Periodic Table. They are metals
withvery  melting points and densities.
They form compounds in which they have
avarietyof  states.

2 Match the elements on the left with the
phrases on the right.

chlorine an unreactive gas

Bramine a metal with a very high
melting point

R the least reactive of the
alkali metals

neon a green poisonous gas

potassium a reddish-brown liquid

oo a metal that catches fire

when it reacts with water

3 State four differences between an alkali metal
and a transition element such as nickel.

4 List the trends in physical properties of:

(a) the Group | metals (b) the halogens.

5 Describe the differences between the reactions
of lithium and potassium with water.

6 Write word equations for the reaction of:
(a) sodium with water
(b) sodium with chlorine

(c) aqueous chlorine with aqueous potassium
iodide.

7 Write symbol equations for the reaction of:
(a) lithium with water
(b) aqueous bromine with aqueous sodium
iodide.

8 Describe and explain how metallic character
changes across a period.

Supplement

9 Explain why chlorine reacts with aqueous
potassium bromide but bromine does not
react with aqueous potassium chloride.

PRACTICE QUESTIONS

1 Which one of these statements about the
reaction of the Group | elements with water

is true?

A A solution of halide ions is formed.

B An acidic solution is formed.

C Oxygen is given off.

D An alkaline solution is formed.

(Paper 1)

2 All transition elements in their compounds:

A are magnetic

B have variable oxidation states

C are white in colour

D form ions of the type M- and M?,

(Paper 2)

3 Some properties of the Group | elements are
shown in the table.

element melting boiling reaction with
point / °C | point /°C | water

lithium 180 1330 fairly reactive

sodium 98 reactive

potassium 64 760 very reactive

rubidium 690

(a) Suggest values for (i) the melting point of
rubidium (i) the boiling point of sodium.

2]

(b) How does the reactivity of rubidium
compare with the reactivity of potassium?

1]

(c) Describe three observations that you can
make when potassium reacts with water.

3]

(d) The solution formed when potassium
reacts with water is alkaline.

(i) How can you show that the solution is
alkaline?

(2]

(i) Write a word equation for the
reaction of potassium with water. [2f

(Paper 3)



4 The diagram shows some elements in the
Periodic Table.

Li Be B C M O F Ne

Na | Mg | Ar

(a) What determines the order of the elements
in the Periodic Table? [1]

(b) To which period does chlorine belong? [7]

(c) Choose from the elements shown in the
table above to answer these questions:

(i) Which elements are halogens? [1]
(ii) Which elements are noble gases? [7]
(iii) Which elements react with cold water

to form an alkaline solution? [1]
(iv) Which element has three electrons in
its outer shell? (1]
(v) Which two elements react together to
form an acidic oxide? [1]
(d) State one use for (i) Ar (ii) Ne. [2]

(Paper 3)

5 Argon is next to chlorine in the Periodic Table,
(a) Use your knowledge of the structures of
argon and chlorine to explain why they are
both gases at room temperature. [2]
(b) Explain why argon is unreactive, [2]
(c) Chlorine is a diatomic molecule. What do
you understand by the term diatomic? [1]
(d) Chlorine reacts with hydrogen to form

hydrogen chloride. Copy and complete the
equation for this reaction:

+H, — __ HCl [2]

(e) Chlorine, bromine and iodine react with
molten sodium to form sodium halides.
(i) Suggest the order of reactivity of the
halogens with sodium. Give a reason
for your answer. [2]

(i) Write a symbol equation for the
reaction of sodium with bromine to
form sodium bromide, NabBr. [2]

(Paper 3)

6 In Periad 3, the elements are arranged in order
of increasing atomic number.

(a) Describe how the electronic structure of
these elements changes across Period 3. [3]

(b) Describe how metallic and non-metallic
character is related to the number of outer
shell electrons. [2]

(c) The halogens are a group of elements with
similar properties. Describe how the colour
and reactivity of the halogens changes
down the group. [2]

(d) Bromine reacts with aqueous potassium
iodide but not with aqueous potassium
chloride.

(i) Explain why bromine does not react
with aqueous potassium chloride. [71]

(ii) Write a balanced equation for the
reaction of bromine with potassium
iodide. Include state symboals. [3]

(iii) Chlorine reacts with cold sodium
hydroxide to form sodium(I) chlorate,
sodium chloride and water. The
formula for the chlorate(I) ion is ClO~.

Cl(ag) + 2NaOH(aq) —>

NaCl(ag) + NaClO(aq) + H,O()
Write an ionic equation for this reaction.
(1]
(Paper 4)
7 Strontium is below calcium in Group Il of the
Periodic Table.
(a) Use ideas about atomic structure to
explain:
(i) why strontium is more reactive than
calcium (2]

(if) why strontium is less reactive than
rubidium. [2]
(b) Calcium reacts with water in a similar way
to Group | elements.

(i) Suggest two observations that you
can make when calcium reacts with

water. [2]
(i) Write a balanced equation for the
reaction of calcium with water. (2]
(c) Suggest an element in Group Il that is
more reactive than strontium. [1]
(Paper 4)

163




13 Metals and reactivity

1334

_— In Topic 2.5 we learned that metals are:

Decibe b | Shyeicel * good conductors of electricity and heat

¢ Describe the general physica . B : :

and chemical properties of mallgable they can be ham-mered_mto different shapes
metals * ductile - they can be drawn into wires

* Explain why metals are often * shiny.
used in the form of alloys A metal such as iron is rarely used on its own because it rusts

* |dentify representations of easily. Pure copper is not very strong so cannot be used for parts
alloys from diagrams of their of machines that are constantly in motion. We can change the
structure / properties of a metal to make it harder or more resistant to corrosion.

We do this by mixing it with another metal or with a non-metal.

A mixture of two ar more metals, or ane or more metals with a non-
metal, is called an alloy. An alloy is not just a mixture of metal crystals.
The atoms of the second metal form part of the crystal lattice.

STUDY TIpP
It l.s a commion erypyr to
think that all metals AIRHSE NI s o
are hard
and have very \WRGUFE 3NN A mixture of metal crystals is not the same as an alloy

high welting points.

Rémember that Growup | PRACTICAL

metals ave soft and have
Low nmelting points.

Tin, lead and solder

Solder is an alloy of lead and Solder  Lead
— tin. It is used to join wires in Steel 'tin'lid, _|
electrical circuits. You put small A
pieces of tin, lead and solder

on the steel ‘tin’ lid and heat
the centre. You record the time
taken for each metal to melt.
The solder melts long before the
tin and lead. This shows that
the alloy has different properties

from the tin and lead alone. _ Which metal melts first?
Lo

Explaining the difference

The atoms in a pure metal are arranged in regular layers. When a force
is applied, the layers slide over each other. This explains why metals are
malleable and ductile. When a metal is alloyed with a second metal, the
different sized metal atoms make the arrangement of the lattice less
regular. We say that they disrupt the crystal lattice. This stops the layers



of metal atoms sliding easily over each other when a force is applied.
This is why an alloy is stronger and harder than a pure metal.

Layers slide

== layers cannot slide very easily

lloys are stronger than pure metals because the layers
cannot slide easily

Uses of alloys

Alloys have many uses. Some of these are given in the table.

alloy properties uses

musical instruments,
ornaments

stronger than copper
but still malleable

brass
(copper + zinc)

some moving parts of
machines, statues, bells

bronze
(copper + tin)

very hard

car parts, cutlery, parts
of chemical factories,
surgical instruments

stainless steel does not rust like
(iron + chromium |iron
+ nickel)

In recent years a number of alloys with ‘memaory’ properties have
been made. One of these, an alloy of nickel and titanium is called
‘nitinol’. If a piece of nitinol wire is manufactured in an ‘S’ shape it
remembers that shape. If you straighten it out, it stays straight. But
when it is put into some hot water it changes back to its 'S’ shape.
These alloys are called ‘shape memory alloys'. They are useful for
making spectacle frames and dental braces.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

alloy mixture layers non-metal slide stronger

of metals or a mixture of metals with a

. By making a metal into an it becomes and
harder. This is because the of metal atoms in the alloy
cannot over one another very easily.

An alloy is a

2 Explain why an alloy of aluminium and manganese is stronger
than pure aluminium.

3 Draw a diagram to show the arrangement of the atoms in:

a a pure metal
b an alloy.

DID YOU KNOW?

‘Smart’ alloys are able to
‘remember’ their shape.

Springs made from these alloys
‘remember’ to open out at

about 90°C but close up again
when cooled. They can be used
to activate fire sprinklers. /

'Smart' alloys are used in some dental braces.
As the alloy warms up, it pulls the teeth inte
the correct position.

1 Alloys are mixtures of metal
atoms with other metal
atoms or non-metal atoms.

2 The properties of a metal are
changed by making it into an
alloy.

3 Metals are made into alloys
to improve their strength,
hardness or resistance to
corrosion. /
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(Learnin outcomes |

* Place metals in a reactivity
series by referring to their
reactions with water, steam
and hydrochloric acid

* Deduce an order of reactivity
from information given

y

i=
fi=
&
E Ag
=
o

_ The metal reactivity series

showing the position of
hydrogen

DID YOU KNOW?

An isotope of caesium, a
very reactive metal, is used in
atomic clocks to measure time
with great accuracy.

Some metals are very reactive. The Group | meals react very rapidly
with water. Other metals are less reactive. The transition elements
either do not react with water or react only with steam. We can put
the metals in order of their reactivity by investigating how well they
react with oxygen, water or dilute hydrochloric acid.

Reacting metals with oxygen

The list below shows what happens when different metals are heated
in air. The metals react with the oxygen in the air to form metal oxides.
* copper: does not burn but turns black on its surface

* iron: burns only when in powder form or as iron wool

* gold: does not burn at all, even as a powder

* magnesium: burns rapidly with a bright white light

From this list of reactions we can put these metals in order of reactivity:

gold

least reactive

magnesium iron copper
most reactive -

Reacting metals with water or steam
If a metal does not react with cold water it may react with steam.

/” DEMONSTRATION

Reacting iron wool with steam

lron wool

Safety tube — Hydragen

Heat

WFigure 13223 Reacting iron with steam

We pass steam over red-hot iron wool. The iron turns black. We
collect the gas in a test tube. The gas pops with a lighted splint.
The iron has reacted and formed iron oxide and hydrogen.

4
The table shows how different metals react with water or steam.
calcium reacts rapidly with cold water
copper no reaction with cold water or steam
magnesium | reacts very slowly with cold water but reacts rapidly with steam
sodium reacts violently with cold water
zinc reacts only when powdered and heated strongly in steam




From the information in the table we can put these metals in order of
their reactivity:
sodium calcium  magnesium zinc copper

.

most reactive > |east reactive

If a metal reacts with cold water, a metal hydroxide and hydragen are
formed:

Ca(s) + 2H,0() —> CalOH)(aq) + H.(g)

calcium + water > calcium hydroxide + hydrogen
If a metal reacts only with steam, a metal oxide is formed:

3Fe(s) + 4H0(g) —> Fe,0,(s) + 4H. ()

iron i steam —> iron oxide + hydrogen

Reaction with dilute acid
The table shows how different metals react with dilute hydrochloric acid.

sodium very violent — explosive most reactive
calcium very rapid — lots of hydrogen bubbles /
produced

magnesium | rapid - bubbles of hydrogen
produced steadily

zinc slow — bubbles of hydrogen produced
slowly
copper no reaction with dilute or least reactive

concentrated acid

The metal reactivity series

We can use the reactions of elements with oxygen, water and
hydrochloric acid to build up part of the reactivity series. By
reacting metals with different solutions of metals ions we can extend
this reactivity series. If you look at the reactivity series shown in
Figure 13.2.2 you will notice that we have included hydrogen in the
reactivity series. Metals below hydrogen do not react with cold water
or steam. They do not release hydrogen from hydrochloric acid either.
So copper, silver and gold are very unreactive.

SUMMARY QUESTIONS

1 Copy and complete using the words below:
cold hydrogen hydroxide iron potassium steam

Sodium, and calcium react with water to form a
metal and hydrogen. Less reactive meals such as
and zinc do not react with cold water but they do react with

. Metals below in the reactivity series do not react
with water or steam.

2 Platinum is never found in nature combined with oxygen. What
does this tell you about the reactivity of platinum?

3 Tin is between iron and lead in the reactivity series. Suggest
how tin will react with:

a cold water b steam. ,/

STUDY Tip

Remember that metals
that react with cplg watey
forme metal hydroxioles.
lWhem a metal is heateg
LA steam, an oxide ic
formed.

We can put magnesium, zinc and iron in
order of reactivity by comparing how rapidly
they react with an acid:

1. Mg

2.Zn

3. Fe

1 Metals can be arranged
in a reactivity series by
comparing how easily they
react with water, steam and
hydrochloric acid.

2 Only metals above hydrogen
in the reactivity series react
with hydrochloric acid.

3 Only metals above hydrogen
in the reactivity series will
react with water or steam. /
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Supplement

* Describe the reactivity series

related to the tendency of a
metal to form its positive ion.

DID YOU KNOW?

When a small piece of sodium
reacts with water, about
100000000000000000
sodium atoms change to
sodium ions every second!

In Topic 12.3 we saw that a more reactive halogen will replace a

less reactive halogen in a metal halide. We can think of this as a
competition to see which halogen combines the best with the metal.
We call this type of redox reaction a displacement reaction.

Can metals compete in a similar way?

/” DEMONSTRATION

The ‘thermit’ reaction

Bucket

_ Setting up the ‘thermit’ reaction

A mixture of aluminium powder and iron(III) oxide is put into a cone
of filter paper. This is placed in a bucket of sand. The magnesium fuse
is lit. A vigorous reaction occurs with flames, light and smoke. The
result is a lump of iron where the mixture was.

g

In the "thermit’ reaction the aluminium displaces the iron from the
iron(IIT) oxide:

Fe,0, + 2Al —> 2Fe + ALO,
iron(lTT} + aluminium —  iron b aluminium
oxide oxide
We can carry out similar experiments using metals and solutions of
metal ions. When we add excess zinc to a solution of copper(Il) sulfate,
the zinc gets coated with copper and the solution turns colourless.

Copper(IT)
sulfate
solution

Zinc

_ The more reactive metal, zinc, displaces the less reactive copper from
copper(ll) sulfate solution

Zinc is higher in the reactivity series than copper. So it displaces
copper from the copper(Il) sulfate solution. The solution turns
colourless because colourless zinc sulfate is formed:

Zn(s) + CuSQ,aq) —>  ZnSO,(aq) + Culs)




By carrying out experiments using different combinations of metals
and solutions of metal salts, we can arrange all the metals in a metal
reactivity series. A more reactive metal will displace a less reactive
metal from a solution of its salt. We sometimes call this reactivity
series the electrochemical series.

juawalddng

Because these are redox reactions, we can write half-equations for
oxidation and reduction. For example:

oxidation of zinc to zinc ions:

n(s) — Zn**(agq) + 2e
reduction of copper ions to copper:

Cu*ag) + 200 —> Culs)

Explaining reactivity

In the half-reactions above, we can see that each atom of the more
reactive metal loses electrons and each ion of the less reactive metal
gains electrons. The more reactive a metal is, the more easily it loses The copper has reacted with silver nitrate and
its outer shell (valency) electrons. It is easier to lose electrons from the  crystals of silver have formed on its surface
outer (valency) shell if:

* the valency electrons are further away from the pull of the nucleus.
Remember that negative electrons are attracted to positive protons.

* there are more electron shells between the nucleus and the valency
electrons. These shells shield the valency electrons from the charge
of the nucleus.

* there are fewer protons in the nucleus (less nuclear charge) to pull
the electrons towards them.

Potassium is more reactive than sodium because its valency electrons
are further from the nucleus and there are more shells between

the valency electrans and the nucleus. This outweighs the effect of
the increased number of protons in the nucleus of potassium. So
potassium can lose its valency electron more easily than can sodium.

Magnesium is less reactive than sodium because even though the valency
electrons are in the same shell, magnesium has a greater nuclear charge.
So magnesium will not lose its valency electrons as easily as sodium.

1 A more reactive metal
SUMMARY QUESTIONS displaces a If_ass reat::tive metal
from a solution of its salt.

1 Copy and complete using the words below: 2 A more reactive metal loses
its valency electrons more
easily than a less reactive
A more reactive metal a reactive metal from a metal.

of its salt. This is because the reactive metal loses

displaces less more solution valency

3 The ease with which a metal

its electrons more easily. 3
- loses its valency electrons
2 Silver is less reactive than copper but copper is less reactive to form ions depends on
than magnesium. Write symbol equations for: the distance of the valency
a the reaction of copper(Il) sulfate with magnesium electrons from the nucleus,
b the reaction of silver nitrate with copper. the nuclear charge and the
3 Explain why copper will not react with iron(Il) sulfate. Y, number of electrons shells.
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* Describe the use of carbon
as a reducing agent for some
metal oxides

* Explain the use of carbon as a
reducing agent

* Explain the apparent
unreactivity of aluminium

»
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_ Metals below carbon in

the reactivity series can be
extracted by heating with
carbon. Metals above carbon
are extracted by electrolysis.

170

Competing for oxygen

When you heat powdered iron with copper(Il) oxide, CuO, the iron
displaces the copper:

Fels) + CuO(s)ﬂa FeO(s) + Cul(s)

The iron competes better to ‘hold onto’ the oxygen. This is because
iron is higher in the reactivity series than copper. The iron is oxidised
to iron(Il) oxide and the copper(Il) oxide is reduced to copper. The
more reactive metal, in this case iron, is the reductant. It removes the

oxygen from the less reactive metal’s oxide.

Reducing metal oxides with carbon

We can also carry out reduction using carbon as a reductant
(reducing agent). For example: carbon is more reactive than copper,
So carbon removes the axygen from copper(Il) oxide when heated.

2Cu0(s) + C(s}thzZCU(S) + CO,(9)

copper(ll) oxide + carbon — copper +  carbon dioxide

PRACTICAL

Reducing copper(Il) oxide with carbon

Carbon (charcoal)
powder

Ignition tube

Copper(Il) oxide

Heat

_ The reduction of copper(II)

oxide with carbon

You put a layer of charcoal powder (carbon) over a layer of
copper(Il) oxide then heat the tube strongly. When the reaction
is over you can see some pinkish-brown copper metal where the
two layers of powder meet.

o

So which metals can carbon reduce? Look at the position of carbon
in the reactivity series (Figure 13.4.2). Only the oxides of the metals
below carbon can be reduced to the metal by heating with carbon.
Metals more reactive than carbon have to be extracted by electrolysis.



Supplement

Explaining the use of reducing agents

We can explain the use of reactive metals and carbon to reduce metal
oxides in terms of movement of electrons. A more reactive metal loses
its outer shell electrons and combines with oxygen more easily than

a less reactive metal. So a more reactive metal will be able to remove
the oxygen from the oxide of a less reactive metal. The more reactive
metal is a better reducing agent.

If a metal is below carbon in the reactivity series the oxygen in its
oxide will form covalent bonds more easily with carbon than with the
metal. The carbon is the reducing agent.

Why does aluminium seem unreactive?

Aluminium is high in the reactivity series but it does not seem to react
with water or acids. It will react with acids only when it is freshly made.
This is because, when the surface of freshly made aluminium is left in
the air, a thin layer of aluminium oxide quickly forms on its surface:

4AI(s) + 30,(g) —> 2ALO(s)

This layer is only about 0.0002 cm thick, but this is enough to make
the metal resistant to corrosion. The tough oxide layer sticks to the
surface of the aluminium very strongly and does not flake off. The
oxide layer is unreactive.

DID YOU KNOW?

The earliest evidence for the
extraction of lead comes from
Turkey. Beads of lead have been
found that are thought to have
been extracted 8500 years ago.

Supplement

SUMMARY QUESTIONS

1 Copy and complete using the words below:

below heated metals oxygen reduced reducing

Metal oxides carbon in the reactivity series are
to when they are with carbon. In this reaction
carbon is the agent because it removes the from

the metal oxide.
2 Write balanced equations for:

a the reaction of zinc oxide, ZnO, with carbon to form zinc
and carbon dioxide

b the reaction of magnesium with copper(II) oxide to form
magnesium oxide and copper.

3 Explain why freshly made aluminium reacts with hydrochloric
acid but old aluminium does not react.

STUDY TIp

Remenber that
alwminium is g reactive
wetal. t must be regetive
L it forms an oxige

Laasr oW Ltg surface so
a{uwkatg.

Charcoal kilns like these have been used for
centuries to provide the carbon for metal
extraction

1 Metal oxides below carbon in
the reactivity series are reduced
by carbon when heated.

2 When a more reactive metal
is heated with the oxide of
a less reactive metal, the
more reactive metal acts as a
reducing agent.

3 The apparent lack of reactivity
of aluminium is due to an
unreactive oxide layer that
forms on its surface.

juaw|ddng




Supplement

* Describe the action of heat
on selected hydroxides and
nitrates

* Link the thermal
decomposition of nitrates to

the reactivity of the metals
4

Nitrates can decompose explosively to cause
a large amount of damage, as shown by the
remains of this fertiliser factory

STUDY Tip

You need to remende,
the products from the
thermal decomposition,
of nitrates. (£ You
don't kinow these, Lou
won't be able to wyite

equations for thermal
decom;:-ositiow.

When we heat some carbanates, nitrates and hydroxides, they break
down to form two or more different products. We call this type of
reaction thermal decomposition. For example, the equation:

h
CacO,(s) —— > CaO(s) + CO,9)

represents the thermal decomposition of calcium carbonate.

Thermal decomposition of metal hydroxides

Most metal hydroxides decompose when heated. A metal oxide and
water are formed. For example:

heat
Zn(OH)(5) ——> ZnO(s) + H,0(g)
zinc - zinc oxide 4 water
hydroxide

All Group Il hydroxides decompose in a similar way. Most alkali metal
hydroxides, however, do not decompose. They are stahle to heat.
There is one exception to this: lithium hydroxide.

: h ,
2LOH(s) ——= > LiO(s) + H,0(g)
lithium e lithium ! water
hydroxide oxide

Lithium is the least reactive of the alkali metals. So does thermal
decomposition depend on the reactivity of the metal? We shall look
at the decomposition of nitrates and carbonates to answer this
question.

Thermal decomposition of nitrates

All nitrates decompose when heated. But there are some differences

in how they decompose. The alkali metal nitrates decompose to form
a nitrite and oxygen. You can see that the nitrite ion is similar to the
nitrate ion but has one fewer axygen atom:

heat
2KNO(s) ———> 2KNO,(s) + O,(q)
potassium — potassium t oxygen
nitrate nitrite

Nitrates of other metals decompose on heating to form an oxide,
nitrogen dioxide and oxygen. For example:

heat

2Mg(NO,),(s) ——— 2MgO(s) + 4NO,(g + O,(9)
magnesium — magnesium  +  nitrogen +  oxygen
nitrate oxide dioxide

Lithium nitrate, a compound of the least reactive alkali metal,
decomposes in this way too.




Nitrates of very unreactive metals, such as silver, decompose to form
the metal when they are heated:

2AgNO,(s) —=5 2Agls) + 2NOJs) + O(g)

— silver nitrogen }

dioxide

silver nitrate oxygen

/-DEMONSTRATION

The decomposition of Group Il nitrates

This experiment is demanstrated
using a fume cuphoard because
nitrogen dioxide gas is poisonous.

We start a stopclock when we
begin to heat the magnesium
nitrate. The nitrate is heated
until we see dark brown fumes
of nitrogen dioxide in the tube.
We record the time taken to see
these fumes. Then we repeat the
experiment using other nitrates.
In this experiment we must keep
the amount of nitrate and the
rate of heating the same. q

Magnesium nitrate

The longer it takes for the nitrate
to decompose, the more stable

5.1 Decomposing

the nitrate is.

magnesium nitrali/

Magnesium nitrate decomposes at 402 °C but barium nitrate
decomposes at 865°C. So it appears that barium nitrate is more stable
than magnesium nitrate. Barium is more reactive than magnesium. So
the more reactive the metal, the more stable to thermal decompasition
its compound is. This is well demonstrated if we look at the
temperatures at which carbonates decompose when heated.

Thermal decomposition of carbonates

The table shows the temperatures at which the Group Il carbonates
decompose.

Group I magnesium | calcium strontium | barium
carbonate carbonate | carbonate | carbonate | carbonate
decomposition 540 900 1280 1360
temperature/°C

The reactivity of the Group Il metals increases down the group. You
can see from the table that as you go down the group it gets more
difficult to decompose the carbonates.

So, the more reactive the metal, the more stable its nitrate, carbonate
or hydroxide is.

1 Thermal decomposition is the
breakdown of a compound
into two or more different
products by heat.

2 The more reactive the metal,
the more stable its nitrate,
hydroxide or carbonate.

3 Metal hydroxides decompose
to oxides and water when
heated.

4 Most nitrates decompose to
either nitrites and oxygen or
to oxides, nitrogen dioxide
and oxygen when heated. /

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

alkali dioxide heated
less nitrite oxygen

Nitrates of the metals

decompose when to

form the metal and

oxygen. Nitrates of

reactive metals form metal

oxides, nitrogen and
when heated.

2 Write equations for the
thermal decompeosition of:

a copper(Il) hydroxide,
Cu(OH),
b calcium nitrate, Ca(NO,),.
3 Suggest why lithium nitrate
decomposes in a similar way
to a Group Il nitrate rather
than a Group | nitrate.
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SUMMARY QUESTIONS

1 Copy and complete using the words from the
list below.

alkali hydroxides iron oxide
oxygen potassium powder
sodium water

Metals can be put in order of reactivity using
their reactivity with  as a guide. Alkali
metals such as and react rapidly
with water as well as . The metals
react with cold water to form alkali metal

. Less reactive metals such as will
only react with oxygen if they are in wire or

form. Iron reacts with steam to form
iron

2 Use the following reactivity series to answer
the questions below.

calcium magnesium zinc iron lead copper

most reactive ——— > least reactive

(a) Which metals in the list will react with
dilute hydrochloric acid?

(b) Which metals in the list will react with cold
water?

(c) Which metals in the list will react with
steam?

(d) Where would (i) potassium and
(ii) silver come in this list?

3 Match the metals on the left with the phrases
on the right.

a reactive metal that burns

sodium with a bright light to form a
metal oxide
copper a metal that reacts with water
to form an alkaline solution
iron a grey, fairly unreactive metal
taadl a pinkis_h—brown metal that is
unreactive
; a metal that reacts with steam
magnesium

but not with cold water

4 Describe how the reactivity series depends on
the ease with which a metal forms a positive ion.

5 Aluminium is a metal high in the reactivity
series. Explain why aluminium apparently does
not react with dilute hydrochloric acid.

_
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PRACTICE QUESTIONS

1 Some information about the reaction of three
metals with hydrochloric acid is given below.

* Metal P: dissolves slowly and a few bubbles
are formed.

* Metal Q: dissolves rapidly and bubbles are
formed very rapidly.

* Metal R: dissolves rapidly and bubbles are
formed rapidly.

The order of reactivity of these metals, starting
with the most reactive, is:

A PQR B RQP
C QRP D PRQ
(Paper 1)

2 The order of reactivity of four metals is shown
below:
barium > calcium = magnesium = copper

most reactive > Jeast reactive

Which one of these statements about the
decomposition of metal compounds is correct?

A Magnesium carbonate decomposes at a lower
temperature than copper carbonate.

B Calcium carbonate decomposes at a higher
temperature than barium carbonate.

C Barium carbonate decomposes at a lower
temperature than magnesium carbonate.

D Calcium carbonate decomposes at a higher
temperature than magnesium carbonate.

(Paper 2)

3 Some of the elements in the reactivity series
are shown below:

sodium calcium magnesium zinc iron lead copper

most reactive > Jeast reactive

(a) Which of these elements will react with
cold water? [1]

(b) Iron reacts with steam to form iron(I1I) oxide.

(i) Name one other element in the list
that reacts with steam but does not
react with cold water.

(ii) Copy and balance the following
equation:

_Fe+_HO — Fe,0,+ __H,

(31



(c) Magnesium reacts with hydrochloric acid.
Magnesium chloride and hydrogen are

formed.

(i) Write a word equation for this
reaction. [1]

(ii) Write a symbol eguation for this
reaction. [2]

(iii) How can you test for the hydrogen
given off in this reaction? [2]

(d) Magnesium reacts with black copper(II)
oxide when heated.

(i) Describe what you cbserve during this

reaction. 2]
(ii) Write a word equation for this
reaction. [1]
(iii) Which reactant is reduced in this
reaction? [1]
(Paper 3)

4 Brass is an alloy of zinc and copper.
(a) What do you understand by the term
alloy? [1]
(b) Zinc is more reactive than copper.

(i) State two observations that you can
make when zinc reacts with aqueous

copper(Il) sulfate. [2]
(i) Write a word equation for this

reaction. [1]
(iii) What type of chemical reaction is

this? (1]

(c) Zinc reacts with steam but not with cold
water. Potassium reacts with cold water,

(i) Suggest why zinc does not react with
cold water but potassium does. [1]

(ii) Copy and balance the equation for
the reaction of potassium with water:

K+ HO— KOH + H,
3
(Paper 3)
5 Zinc powder reacts with copper(II) oxide on
heating:
in+ Cu0 — Zn0 + Cu
(a) Which is the reductant in this reaction?

Explain your answer, 2]
(b) Describe the direction of electron transfer
in this reaction. [2]

(c) Explain why the reverse reaction does not
occur. [1]

(d) Both magnesium and lead are abaove
copper in the reactivity series. Explain, in
terms of ease of formation of ions, why
magnesium is able to remove oxygen from
copper(Il) oxide more readily than lead. (2]

(e) Copper(Il) nitrate, Cu(NO,),, decomposes
in a similar way to magnesium nitrate.
Write a balanced equation for the thermal
decompoasition of copper(Il) nitrate,
including state symbols. [3]

(Paper 4)

6 Sodium and magnesium are both reactive
metals.
(a) (i) Describe the differences between the
reactions of sodium and magnesium
with water, [2]
(ii) Write a balanced equation to show
the reaction of magnesium with
steam. Include state symbols. [3]
{(b) Sodium nitrate and maagnesium nitrate
behave differently on thermal decomposition.
(i) What do you understand by the term
thermal decomposition? [1]
(ii) Write a balanced equation to show
the thermal decomposition of sodium
nitrate. [2]
(iii) Write a word equation for the thermal
decomposition of magnesium nitrate.
[2]
(c) Magnesium is more reactive than aluminium.
(i) Describe how you could use
magnesium to extract aluminium
from molten aluminium oxide. [1]
(if) Suggest why this method not used to
extract aluminium industrially. [1]
(iii) Explain why aluminium containers
can be used to store acidic foods even
though it is a reactive metal. [2]

(Paper 4)
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14 Met_al extraction

2

Most metals found in the Earth's crust are present as compounds in
the rocks. A rock from which a metal can be extracted is called an ore.

« Describe bauxite as an ore of Most ores are oxides or sulfides. Some important ores are hematite
aluminium (iron ore), bauxite (aluminium ore) and zinc blende (zinc ore).
* Describe how the ease of
obtaining metals from their Oxygen  46%
ores depends on the position O Silion ~ 28%
of the metal in the reactivity B Aluminium 8%
series M lon 5%
E * Describe the extraction of O Calsium 4%
4 zinc from zinc blende W.Sodun:. 3%
= B Magnesium 2%
=3 B Potassium 2%
% W Tienum  0.5%
O Hydrogen 0.5%
B All other elements 1%

DID YOU KNOW?
About 30% of the pure zinc

The Earth's crust is made up of many different elements

Metal extraction and the reactivity series

produced in the world comes
from recycling the metal. The way we extract a metal from its ore depends on the position of the
metal in the reactivity series. Carbon is used to reduce oxides of metals
below it in the reactivity series. For example: oxides of zinc, lead and iron
can be reduced by carbon. The carbon is usually used in the form of coke.
This is coal from which some impurities have been removed.

PbO(s) + C(s) —= Pb(s) + CO(g)

lead(Il} oxide carbon({coke) lead carbon monoxide

Carbon monoxide is also a good reducing agent. This is formed when
carbon undergoes incomplete combustion:

2C(s) + 0O,(g —> 2C0(9)

carbon + oxygen —>  carbon
STUDY TIP Aot
E Yow should be prepared Carbon dioxide is often produced in furnaces used for the extraction
E to Label a diagram and of metals:
P write relevant equations. Zn0(s) + COlg —> Zn(s) + CO,(g
»

Metals above carbon in the reactivity series cannot be extracted from
their oxides by heating with carbon. This is because the metal bonds
to oxygen too strongly and the carbon is not reactive enough to
remove it. So we have to use electrolysis to extract metals such as
aluminium, magnesium and calcium.

(

It is possible to use electrolysis to extract metals less reactive than
carbon. This is not done because much more energy is needed to
carry out electrolysis compared with extraction using carbon.
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Extracting zinc

The raw materials used in the extraction of zinc are zinc blende, coke
(carbon) and air. The main ore of zinc is zinc blende which is zinc
sulfide, ZnS. The ore is first crushed and treated to remove waste
rock and other impurities. The zinc blende is then roasted (strongly
heated) in air to form zinc oxide:

2ZnS(s) + 30,(g —> 2Zn0O(s) + 250,(g)

The zinc oxide is then heated with coke (carbon) in a blast furnace.

Zinc oxide
and coke

Waste
gases

Zinc vapoulr Condensing
1149 tray

lZinc

Zinc oxide
and coke

<— Hotair
blast

Hot air —
blast

Slag

A zinc-smelting works

SUMMARY QUESTIONS

1 Copy and complete using
words from the list below:

bauxite carbon extract
iron ores zinc

Rocks from which we can
metals are called

The main ore of aluminium is
. Hematite is one of the

main ores of . We can

use to reduce metal

oxides such as iron oxide and
oxide,

2 Explain why you cannot use
carbon to extract magnesium
from magnesium oxide.

A blast furnace used for extracting zinc

A blast of air is blown into the bottom of the furnace. The excess
carbon reacts with oxygen in the air to form carbon monoxide:

2C(s) + O,(g) —> 2CO(g)

2
Higher up the furnace, carbon monoxide reduces zinc oxide to zinc:
ZnO(s) + CO(@ —> Zn(g) + CO,9)
The carbon dioxide formed can react with more carbon to reform
carbon monoxide:
CO,(g) + Cls) —> 2CO(g)
Some zinc oxide may also react directly with the carbon:
Zn0O(s) + Cs) — Znlg) + CO(g)
The temperature in the furnace is higher than the boiling point
of zinc. So the zinc vapour is carried up through the furnace by
the stream of carbon monoxide and carbon dioxide, The vapour

condenses in frays at the top of the furnace together with lead which
is extracted at the same time. The zinc is then purified by distillation.

This method produces only about 20% of the world'’s zinc. Electrolysis

of zinc sulfate is now preferred because this produces much purer zinc.

3 Draw a flow diagram to
show the main stages in
the extraction of zinc using
carbon.

1 Metal oxides below carbon
in the reactivity series are
reduced by carbon when
heated.

2 Metals more reactive than
carbon are extracted by

electrolysis.

3 Zinc is extracted from zinc
oxide in a furnace using
carbon as a reducing agent.
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* State that iron can be
extracted from hematite ore

* Describe the essential
reactions in the blast furnace

for the production of iron /

STUDY TIP

You should be prepared
to answer questione
related to a diagram. of
the br:ast furnace and the
reactions Linvolved.

‘;
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[ron is the second most common metal in the Earth’s crust. The
main ore of iron, hematite, usually contains more than 60% iron.
Hematite is largely iron(IIT) oxide. We extract iron by reduction of the
iron(IL) oxide with carbon.

The raw materials for making iron are hematite, coke, limestone and air.

The hematite, coke and limestone are added at the top of the furnace.

A strong current of hot air is blown in at the bottom of the furnace.

This is why it is called a blast furnace. The temperature of the hot air is
hetween 550°C and 850°C. This is high enough to react with the coke.

The main reducing agent in the blast furnace is carbon monoxide,
but in some parts of the blast furnace carbon also reduces the
iran(IIl) oxide. The temperature in the blast furnace ranges from
1500°C at the bottom where the air enters to 250 °C at the top.

Waste

gases

Hopper for
iron ore, coke
and limestone

Fire brick
lining

Air blast Air blast
Molten sl
L ] olten slag
Slag out = === jron out

Malten iron

— A blast furnace for extracting iron

The chemical reactions in a blast furnace

Extracting the iron

The chemical reactions below result in the production of iron from
iron(IIT) oxide:

* At the bottom of the furnace the coke burns in the hot air blast to
form carbon dioxide. This reaction is exothermic. The heat released
helps heat the furnace.

Cs) + O,g) —> CO,0)
¢ The carbon dioxide reacts with the coke to form carbon monoxide;
CO,g + Cs) —> 2CO(9)



* The carbon monoxide reduces the iron(Ill) oxide to iron:

Fe,0,(s) + 3CO(g) —> 2Fe(l) + 3CO,(g)
Iron(IIT) f carbon e iron f carbon
oxide monoxide dioxide

Most of the iron is produced in this way. The iron flows to the
bottom of the furnace and is removed from time to time as a liquid.
It flows into moulds and is left to solidify.

Other reactions may take place in the furnace. In the hotter parts of
the furnace, carbon reduces iron(IIT) oxide directly:

Fe,0,(s) + 3Cg —> 2Fe(l) + 3CO(g)

The hot waste gases exiting from the top of the furnace are used to
heat the air going into the furnace thus reducing energy costs.

Why do we add limestone?

Hematite contains sand (silicon(I'V) oxide) as a major impurity. The
limestone (calcium carbonate) helps remove most of the impurities in
the following way:

* The heat from the furnace decomposes the limestone:
CaCO,(s) —> Cal(s) + CO,(g)

calcium —>  calcium  +  carbon
carbonate oxide dioxide
(limestone)

* The calcium oxide reacts with the silicon(IV) oxide to form a ‘slag’
of calcium silicate:

CaO(s) + SiO,5) — CaSiOy())

calcium + silicon{lV) ——= calcium
oxide oxide silicate (slag)

* The liquid slag runs down and forms a layer on top of the liquid
iron because it has a lower density than iron. The slag is run off.
The solid slag is used as a building material, particularly in road
building.

SUMMARY QUESTIONS

DID YOU KNOW?

More than 2500 years ago
people near Lake Victoria in
Africa extracted iron from
iron oxides at a temperature
of 1400 °C.

1 Copy and complete using the words below:
air blast coke hematite oxide reduces

We extract iron from iron ore in a furnace. The most
common ore of iron is . The other raw materials used are

, limestone and . Inside the blast furnace, carbon
monoxide the iron(I1T) toiron.

2 Write word equations for these reactions which take place in
the blast furnace during the extraction of iron:
a The reaction of iron(IlI) oxide with carbon monoxide
b The reaction of calcium oxide with silicon(IV) oxide.

3 Explain why limestone is added to the blast furnace.

4

1 The raw materials used in the
extraction of iron in the blast

furnace are iron ore, coke,
limestone and air.

2 In the blast furnace, carbon

monoxide reduces iron(III)
oxide to iron.

limestone produces calcium
oxide which reacts with

silicon(I'V) oxide impurities in

the iron ore to form ‘slag’.

The thermal decomposition of

y
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_— The iron produced in the blast furnace is only about 95% pure.
The impurities are mainly carbon but also include sulfur, silicon and

* Describe how iron is phosphorus. The impurities make the iron very brittle — it breaks
converted into steel easily. If all the impurities are removed, the iron becomes very soft.
slndertantibe iolant In thi§ condition, it is easily _shaped but it is too soft for many uses.
basic oxides and oxygen in Pure iron also rusts very easily.
steelmaking To make the iron strong, only some of the impurities are removed to
* Describe the idea of changing produce various types of steel. Steel is an alloy of iron with carbon
the properties of iron by and/or with other metals.

controlled use of additives

Steelmaking

4

We make steel using a basic oxygen converter (See Figure 14.3.1).
This is often just called a steelmaking furnace. The converter is a very
large bucket which can be tipped at an angle.

The impurities are removed from the iron, and steel is made in the
following way:

= The converter is tipped to one side and molten iron and scrap iron
are poured in.

* The converter is put back into a vertical position. A water-cooled
tube called an oxygen lance is lowered into the converter.

* Oxygen and powdered calcium oxide are blown onto the surface of
the molten iron through the lance.

* The oxygen oxidises carbon, sulfur, silicon and phosphorus to their
oxides. For example:

S+ 0, —> Si0,

silicon silicon(IV) oxide
4P + 50, —> 2P0,
DID YOU KNOW? phosphorus + oxygen —> phosphorus(V) oxide
A steel weapon called the The carbon dioxide and sulfur dioxide escape from the converter
Falcata was made nearly 2500 because they are gases.

years ago in the area which is

S e These reactions are very exothermic. The heat released in these
now Spain and Portugal.

oxidation reactions keeps the iron molten.

* Silicon and phosphorus oxides are solids. They are acidic oxides.
So these react with the powdered calcium oxide which is basic.
A slag is formed. For example:

Ca0(s) + Si0,(s) —> @aSiof)
calcium + silicon{lV) —> calcium
oxide oxide silicate (slag)

The slag floats on the surface of the molten iron and is removed.

* The amount of carbon in the steel is controlled by the amount of
oxygen blown into the impure iron. The longer the oxygen blast the
more carbon is removed.
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Water-cooled J’
oxygen lance

—

Hood to trap
fumes

Steel casing

T

Molten steel

Figure 14.3.1 A basic oxygen converter

A modern converter can make up to 350 tonnes of medium quality

steel in 40 minutes. High guality steel is usually made using an

electric furnace. In this process the high temperatures needed to keep

the iron molten are produced by an electric current.

After the required amount of carbon has bene removed, other metals

such as chromium or manganese are added in controlled amounts

to the molten iron to make particular alloys of steel with specific

properties. The addition of chromium or nickel makes the steel hard
and more resistant to corrosion and heat. The addition of manganese

to steel makes the steel stronger.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

basic carbon converter oxide oxidises

silicon slag surface

The iron from the blast furnace contains about 5% and
other impurities. These impurities are removed in a

oxygen . Oxygen is blown onto the of the iron.
This the impurities. Calcium is added to remove

oxides of  and phosphorus as

2 Explain why calcium oxide is added to the basic oxygen
converter.

3 Explain how we get different types of steel by using the basic
oxygen converter.

-4

Pouring molten steel into moulds can be
guite spectacular

STUDY TIp

Do not confuse
steelmaking with

the blast ficrnace,

In steelmaking the
Lmpurities ave remove
frome the bupure Lrom

we get from the blgst
furnace. tn the blast
furnace the Lipure Lrom is
extracted from the Lrow, pre.

T
{ KEY POINTS

1 The iron from the blast
furnace contains 5%
impurities, most of which
is carbon.

2 Impurities are removed from
iron using a basic oxygen
converter.

3 Pureiron is too weak and soft
for it to be very useful.

4 The percentage of carbon
in steel is controlled by the
amount of oxygen blown into
the steel.

5 The addition of other
metals to iron results in the
formation of steel alloys.
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* Name the use of aluminium
in the manufacture of aircraft
and food containers

* Name the uses of mild steel
and stainless steel

* Name the uses of copper
related to its properties
* Discuss the advantages and

disadvantages of recycling
metals

* Explain the uses of zinc for
galvanising and for making
brass

DID YOU KNOW?

Although coins have been
made of metal for many
centuries, in China 2800 years
ago model farming tools were
used for money.

STUDY Tip

Make a list of all the
substances in the
syllabus whose weec You
need o kwow. Blvide the
Page tnto two with the
names dowmn one side
and the uses pin the other.
Thewn test Yourself.

_—
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Steel alloys

Pure iron is too soft and weak to be very useful but the iron from the
blast furnace has too much carbon in it to make it useful. It is too
brittle to be used for constructions such as bridges and steel frames
for buildings.

In Topic 14.3 we described how the amount of carbon in steel is
controlled. Steel is an alloy of iron with carbon or with carbon and
other metals. All steels contain a small amount of carbon. There are
many types of steel. Each of these is used for a particular purpose:

* Mild steel is low carbon steel. It contains about 0.25% carbon.
It is soft, malleable and can be drawn into wires easily. We use it
to make car bodies and parts of machinery where it will not be
worn away. It is also used for buildings and general engineering
purposes.

* High carbon steels contain between 0.5% and 1.4% carbon. As the
percentage of carbon in the steel increases, it becomes more brittle.
But it also becomes harder. These steels are used for toals such as
hammers and chisels.

* Low alloy steels contain between 1% and 5% of other metals such
as nickel, chromium, manganese and titanium. They are hard and
do not stretch much. Nickel steels are used for bridges where
strength is needed and for bicycle chains. Tungsten steel is used
for high-speed tools because it does not change shape at high
temperatures.

e Stainless steels are high alloy steels. They may contain up to
20% chromium. Many stainless steels contain 70% iron, 20%
chromium and 10% nickel. They are very strong and resist
corrosion. So they are used in the construction of pipes and
towers in chemical factories. Stainless steel is also used to make
cutlery — knives, forks and spoons. Surgical instruments are also
made from stainless steel.

Uses of other metals and alloys
Aluminium

Aluminium is used for making aircraft bodies because it is lightweight
— it has a low density. It is also quite strong. Most aircraft are made
from aluminium alloys containing about 90% aluminium and smaller
amounts of zinc and copper.

Some food containers and cooking foil are made from aluminium.
This is because there is an unreactive oxide layer on its surface which
does not flake off (see Topic 13.4). This oxide layer does not react
with the acids that are present in many foods.
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Copper

Copper is used for electrical wiring because of its high electrical
conductivity. It is ane of the most malleable and ductile metals so it
can easily be shaped and drawn into wires. It is also used for the base
of cooking pans because it is an excellent conductor of heat,

Zinc

Zinc is used to galvanise iron or mild steel to prevent rusting (see
Topic 15.7). To galvanise a steel object, we dip the object into liquid
zinc. The zinc farms a coating on the surface of the steel. About a
third of the zinc produced in the world is used to galvanise steel.
Galvanised steel is used for roofing because it is weather resistant.

Brass

Brass is an alloy of 70% copper and 30% zinc. It is stronger than
copper and does not corrode. Although it is strong, it can still be easily
beaten into shape. Its gold colour makes it attractive. So it is used to
make musical instruments, door handles, ornaments and screws.

1 The properties of iron are
changed by adding controlled
amounts of other metals or
carbon to make steels.

2 Mild steel is used in buildings
and for making car bodies.

3 Stainless steel is used in
chemical factories and in
making cutlery.

4 Regycling metals has some
advantages and disadvantages.

5 Steel is often covered with
a layer of zinc to protect it
from rusting. This is called
galvanising.

Recycling metals

Recycling is the processing of used materials to make new products.
Some advantages and disadvantages of recycling metals, such as
aluminium, iron and steel, are shown in the table.

advantages

disadvantages

conserves metal ores and other
raw materials (natural resources)
used

collecting and storing metals
may be costly

saves energy because less fuel is
used (extracting and purifying
metals uses a lot of energy)

takes time and energy to collect
the waste metals ...

reduces pollution arising
from extracting and purifying
materials

... 50 there may be more lorries
and noise on the roads of towns
and villages

saves land that may be used for
extracting ores

takes time and money to sort
out the metals from mixtures of
metals

reduces waste and problems of
disposal of unwanted material,

e.q. less landfill

=

1 Copy and complete using the
words below:

car carbon cutlery
different mild stainless

We use types of steel
far different jobs. Low

steel, often called steel,
isused to make  hodies
and machinery. We use

steel to make and parts

of chemical factories.

2 Explain why aluminium is used
to make food containers.

3 Describe the advantages of
using steel alloys rather than
pure iron.

Aircraft bodies are made from alloys of
aluminium because these alloys are strong
yet lightweight
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SUMMARY QUESTIONS

1 Match each metal on the left with its ore on

the right.
iron rock salt
aluminium zinc blende
zinc bauxite
sodium hematite

2 Draw a diagram of a blast furnace. On your
diagram show:

» where the solid raw materials are loaded
into the furnace

* where air enters the furnace
* where the iron and slag collect.

3 Copy and complete using the words from the
list below.

air blast calcium coke decomposes
impurities monoxide slag

Iron is extracted in a furnace from iron

ore using carbon ___ as a reducing agent.
The carbon monoxide is formed when
burnsin a blastof . The limestone added
to the blast furnace  toform

oxide. Calcium oxide combines with the
in the iron ore to form

4 Match each metal on the left with its use on

the right.

aluminium galvanising iron roofs

mild steel electrical wiring in the home
stainless steel  aircraft bodies

copper cutlery

zZinc car bodies

5 Two methods for extracting metals are
(i) heating with carbon and (ii) electrolysis.
Which of these methaods is best used to
extract each of the following metals?

(a) sodium
(b) lead

(c) calcium
(d) iron

(e) aluminium

PRACTICE QUESTIONS

1 Which one of these statements about the
extraction of iron in a blast furnace is true?

A Limestone is added to combine with excess
carbon dioxide.

B A slag of iron(IIl} oxide forms at the
bottom of the furnace.

C Hotairis blown in at the top of the furnace.

D Carbon monoxide reduces iron(ITl) oxide to
iron.

(Paper 1)

2 Calcium oxide is added to a steelmaking

furnace to:

A oxidise basic oxides

B oxidise carbon to carbon dioxide

C react with acidic impurities

D react with silicon to form silicon dioxide.

(Paper 1)

3 (a) Describe three advantages of recycling
metals. For each advantage give an

explanation of why it is advantage. f6]
(b) Give three examples of energy costs

involved in recycling metals. [3]
(Paper 3)

4 |ron is extracted in a blast furnace.

(a) Name the four raw materials used to
extract iron. [4]

(b) The diagram shows a blast furnace.

—F

D

6 Put the following phrases about the extraction
of zinc in the correct order.

A zinc vapour rises up the furnace

B zinc oxide is heated with coke to produce
zinc

C zinc sulfide is roasted in air to produce zinc
oxide

D the zinc condenses in trays

juawaddng



Which letter in the diagram shows:
(i) where the solid raw materials are put

into the furnace [1]
(ii) where the furnace is hottest [1]
(iii) where the slag is collected? [1]

(c) In the blast furnace, carbon monoxide
reacts with iron(IIT) oxide.
(i) Write a word equation for this
reaction. [1]
(ii) The carbon monoxide is formed by
carbon dioxide reacting with excess

carbon. Write a symbol equation for
this reaction. [2]

(Paper 3)

5 Iron is converted to steel by blowing oxygen
into molten iron in a basic oxygen converter.

(a) Name three impurities present in the iron

extracted from the blast furnace. [3]
(b) Explain the function of the oxygen "blast’
in steelmaking. [1]

(c) Powdered calcium oxide is added at the
same time as the oxygen. Why is calcium
oxide added? [2]

(d) Stainless steel is used for many purposes.

(i) State one use of stainless steel. [1]
(ii) What is the difference between
stainless steel and iron? [2]
(iii) Stainless steel is an alloy. What do you
understand by the term alloy? [1]
(Paper 3)

6 Some of the metals in the reactivity series are
shown below:

sodium caldum zinc iron copper

least reactive

(a) (i) State the names of two metals from
this list that can be extracted by
heating with carbon. [2]

(ii) State the names of two metals from
this list that are extracted using

most reactive

electrolysis. 2]
(b) Aluminium can be extracted by electrolysis.
State two uses of aluminium. [2]

(c) Carbon is used to extract tin from tin(IV)

oxide, 5n0O,.
(i) What condition is needed for this
extraction? [1]

(ii) The products of the reaction are tin
and carbon monoxide. Write a symbol
equation for the extraction of tin. 2]

(Paper 3)

7 Zinc is extracted from its sulfide ore.
(a) State the name of the sulfide ore of zinc.

[1]
(b) The sulfide ore is first converted to zinc
oxide. Write a balanced equation for this
reaction, [2]
(c) The zinc oxide is reduced in a blast

furnace. Describe in outline how zinc is
extracted from zinc oxide. (4]

(d) At high temperatures, zinc oxide reacts
with carbon. Explain why this is a redox
reaction in terms of electron transfer. (2]

(e) (i) Give one use of zinc. {1]
(if) Explain why zinc is used for the
purpose you stated in part (i). [1]
(Paper 4)

8 Steel is an alloy of iron with controlled
amounts of carbon and other metals added.

(a) Explain how the amount of carbon in the
steel is controlled. [2]

(b) One of the impurities in the iron from
the blast furnace is phosphorus. Explain
how phosphorus is removed from the iron
when steel is made in the basic oxygen

converter. [3]
(c) State two uses of mild steel. [1]
(d) (i) Draw the structure of a typical alloy.
[2]
(ii) Explain why steel is harder than pure
iron. [2]
(e) Brass is an alloy. State the names of the
metals present in brass. (1]
(Paper 4)

185




15 Air and water

* Describe chemical tests for
water

e Describe the treatment of
the water supply in terms of
filtration and chlorination

* Name some uses of water

* Describe the problems of an
inadequate supply of water

Supplement

Clean water is a valuable resource but it
needs to be free of bacteria if we are to
remain healthy

STUDY TIP

You do wot need top
kRunow all the details
about water treatment.
Filtration amd

chlorination are the

learning objectives on,
the syllabus,

Water: a valuable resource

Water is all around us in the sea, rivers and lakes as well as in the
rocks below the ground and in the air as water vapour. But only 3%
of this water is fresh water. And most of this fresh water is locked up
as ice in the Arctic and Antarctic.

Water is used in the home, in industry and in agriculture:

* In the home we use it for drinking, cooking, washing and cleaning.

¢ In industry it is used as a solvent for many chemicals and as a coolant
to stop industrial processes from getting too hot. It is also used as
a cheap raw material for some chemical manufacturing processes.
Water is also used to generate electrical power, either in hydroelectric
power stations or by turning it into steam to drive turbines.

We cannot survive without water for more than a few days — it is
essential to life. Many places in the world are in short supply of water
and this causes many problems: crops cannot grow, animals do not have
enough drinking water and die, and there is an increased risk of disease.

juswajddns

In agriculture, water is used on farms for irrigating (watering) crops and
for animals to drink. A shortage of water for irrigation may lead to the
death of crops and lack of food for populations relying on these crops.

Testing for water

In Topic 9.1 we learned about a reversible reaction invalving
copper(Il) sulfate. We can use this reaction to test for water. When
we add water to white anhydrous copper(Il) sulfate it turns blue.

CuSO,(s) + B5H,O() —> CuSO,.5H,0(s)

anhydrous i water —> hydrated copper{Il) sulfate
copper(ll} sulfate (blue)
(white)

We can also use anhydrous cobalt chloride which changes from blue
to pink when water is added:

Codys) + 6H,0() — CoCl.6H,0(s)

anhydrous + water —>  hydrated cobalt(ll) chloride
cobalt(ll) chloride (pink)
{blue)

Cobalt chloride test papers are often used as a convenient test for
water, These tests show us that there is water present, But it might
not be pure water.

Water purification

Water from rivers and lakes is not pure. It contains dirt, pieces of
dead animals and plants, dissolved compounds and bacteria, many of
which are harmful to health.



Cholera and typhoid are just two of the many diseases caused by
bacteria in untreated water. These diseases kill millions of people each
year. So it is important that water is treated to remove the bacteria.

A modern water treatment plant removes insoluble materials and
bacteria by filtration and chlorination.

Treating water is a complex process and there are many stages:

Screens

i __,, Sand filter

L]

—
Ll

Chlorine

Alumini Homes
Settlement un?fm:um == _bRESErvoir —» and
iy o factories

tank added

] Treatment of water removes insoluble particles and kills bacteria.
Not all the stages are shown.

* The water passes through metal screens which collect objects such
as twigs and leaves,

* In the settlement tank, particles of solids such as soil particles settle
to the bottom of the tank.

* Aluminium sulfate is added to make small particles in the water
stick together. The particles then fall to the bottom of the tank.

* The water then passes through a filter made of sand and gravel or
crushed coal. This removes any small insoluble particles that were
not removed in the other tanks.

* Chlorine is added to kill bacteria.
* The pH of the water is adjusted and the water is run off and stored
or goes directly to homes and factories.

Although treated water appears clear, it still contains dissolved salts.
So it is not pure.

SUMMARY QUESTIONS

DID YOU KNOW?

In some places in the Middle
East drinking water is made
by ‘reverse osmosis’. Water is
pushed through a type of filter
under high pressure.

1 Copy and complete using the words below:
bacteria chlorine drinking filter insoluble

We make water fit for by passing the water through a
sand and gravel . This removes any small particles.
We then add to kill .

2 State two uses of water:
a inthe home
b inindustry.

3 Tap water is not pure. Explain why not.

1 Water is used in the home for

2 Anhydrous copper(Il) sulfate
3 Water is purified by filtration

4 An inadequate supply of

drinking and washing, and in
industry as a coolant and a
solvent.

is used to test for water,
and chlorination.

water may result in crop
failure and unsafe drinking
water.

4
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*+ State the composition of
clean, dry air

* Describe the separation of
nitrogen and oxygen from
liguid air

Supplement

Some of the first living things on Earth were
bacteria which may have lived in colonies on
rocks in the sea. They absorbed sunlight and
released oxygen into the early atmosphere of
the Earth.

DID YOU KNOW?

Most of the oxygen in the

air was originally formed by
bacteria which were carrying
out photosynthesis millions of
years ago.
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The gases in the air

The atmosphere around the Earth has several layers. The lowest
layer contains most of the air around our planet. About one-fifth of
air is oxygen. Oxygen is the reactive gas in the air. It is needed for
combustion and rusting as well as for respiration (see Topic 15.6).

PRACTICAL
The percentage of oxygen in the air
Copper
Thin glass tube wire Air
Heat Gas syringe

— Hot copper removes oxygen from the air

1 We start by having 100cm? of air in one gas syringe and none
in the other. The oxygen in the air reacts with the heated
copper.

2 We pass the air over the copper by pushing the gas syringes
back and forth.

3 We keep doing this until the volume of gas in the syringes
remains constant. The total volume of gas in the syringes is
79cm’. This is the approximate percentage of unreactive gases

in the air — mainly nitrogen. So the percentage of oxygen is
(100 - 79) 21%.

=

Nearly four-fifths of air is nitrogen. Nitrogen is an unreactive gas.
But processes such as burning and rusting would be much quicker
without nitrogen to dilute the oxygen.

Nitrogen 78% Oxygen 21%

Other gases 1% — mainly argon
with small amounts of carbon
dioxide and other noble gases

_ The gases in dry air

The rest of the air — about 1% of it — is largely made up of argon.
But there are also tiny amounts of other gases. Carbon dioxide is the
most important of these. However, only about 0.04% of the air is
carbon dioxide. This gas has a great effect on our climate because it
is a ‘greenhouse gas' (see Topic 15.5).



Supplement

In addition to these gases, the atmosphere contains water vapour.
The amount of water vapour varies from place to place but it usually
makes up between 1% and 4% of the atmosphere. Much of the

air around us is polluted — it contains unwanted substances. The
pollutants are dust particles and smoke as well as the gases sulfur
dioxide and nitrogen oxides. Although these are present in small
amounts, they have a big effect on our environment.

STUDY TIP

Separating the gases

Most of the gases in the air are useful. Oxygen is used in welding,
steelmaking and to support respiration in hospitals. Because nitrogen
is very unreactive, it is used to provide an inert atmosphere for food
packaging, chemical processes and silicon chip production. The gases
in air are separated by fractional distillation of liquid air:

The syllabus Learning
objectives ask you to
deseribe the separation of
gases from air only by
fractional distillation

T Impure nitrogen

Upper column

Liquid oxygen

l=——Lliquid nitrogen

— =] Lower column
%—Air containing
40% oxygen

Elg;ure“lﬁ.»zﬁ A double distillation column separates nitrogen from oxygen

* Water is removed from the air by passing it through a drying agent
and carbon dioxide is removed by reacting it with sodium hydroxide
solution.

s The air is cooled to 23 °C and compressed (squashed into a small
space).

* The cold compressed air is allowed to expand into a larger space.
When it expands, the air cools. After this is repeated several times
the temperature drops to 200 °C. Most of the air is now liquid.

* Argon, krypton and xenon are removed from oxygen by further
distillation. Helium and neon do not condense at —200 °C.

* When the liquid air is warmed, the nitrogen boils off first because it has
a lower boiling point. Some of the nitrogen condenses at the top of
the lower distillation column leaving a mixture of impure oxygen and
nitrogen at the bottom. This mixture is then expanded into a gas.

* The oxygen-nitrogen gas mixture is then fed into the top column.
The temperature in the top column is below the boiling point of
oxygen but above the hoiling point of nitrogen. So the oxygen
condenses at the bottom and nitrogen gas is removed at the top.

Juawajddns

1 About four-fifths of air is
nitrogen and about one-fifth
is oxygen.

2 About 1% of air is argon with
small amounts of other noble
gases and carbon dioxide.

3 Nitrogen and oxygen are
separated by the fractional
distillation of liquid air.

A

juawa|ddns

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

chemically faster fifths
nitrogen rusting

About four- of air

is and one-fifth is
oxygen. Nitrogen is not very
reactive. Burning and
would be much
without nitrogen in the air.

2 What other gases apart from
nitrogen and oxygen are
present in unpolluted air?

3 Draw a flow chart to show
how nitrogen is separated
from the other gases in air.
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¢ Describe some sources of
carbon monoxide, lead
compounds and sulfur
dioxide in the atmosphere

* State the adverse effects of
each of these pollutants J

These trees have died because of acid rain

STUDY TIP

It is a common ervor

to suggest that sulfur

r{tther thawn sulfur
dioxide is responsible for
actd vain. Concments
such as ‘sulfur dissolves
kv water to form acid
rawn’ are Lncorrect.

We burn fossil fuels such as coal, oil and gas in power stations and
in the home. We use hydrocarbons from the distillation of petroleum
for transport — in cars, trains, ships and aircraft. The gases given

off when we burn fuels pollute the atmosphere and cause harmful
effects in the environment.

These pollutant gases include carbon maonoxide, carbon dioxide,
sulfur dioxide and oxides of nitrogen. When we burn fuels, tiny
particles of solids also get into the air. These are called particulates.
Lead dust and soot are examples of particulates. These pollutants
have harmful effects on the atmosphere, seas and lakes, and on living
things. This is why pollutants are of a global concern.

Carbon monoxide

When you burn a fuel in plenty of air, carbon dioxide and water are
produced. This is complete combustion. But if there is not enough
oxygen to burn the fuel completely, carbon monoxide and water are
formed. We call this incomplete combustion.

Carbon monoxide is a poisonous gas. It combines with the red
pigment haemaoglobin in the cells of the blood that carry oxygen
around the body. So if you get carbon monoxide poisoning,
respiration in your cells will stop. Carbon monoxide is colourless
and has no smell — so we can't easily tell if it is present or not.

So it is important that gas boilers are serviced regularly to prevent
incomplete combustion caused by not enough air reaching the fuel.

Lead compounds

Not so long ago, lead compounds were added to petrol to help

it combust efficiently in car engines. Although lead is no longer
used for this purpose in most grades of petrol, there is still a
considerable amount of lead in the environment as particulates.
This is because some lead compounds are not easily broken down
in the environment. Lead compounds are also found in some paints
and water pipes in old houses.

Lead is particularly hazardous if it gets into our food or water supply or
if we breathe it in. Lead builds up in the body — our body does not get
rid of it very easily. Even small gquantities of lead in the body can cause
damage to the nervous system, especially to the brain in children.

Sulfur dioxide and acid rain

Rain is naturally slightly acidic. This is because carbon dioxide from
the air dissolves in rainwater and forms a solution of the weak acid,
carbonic acid. However, if the pH of the rain falls below 5.0, the rain
is called acid rain. How is acid rain formed?

Coal contains some sulfur impurities. Oil and natural gas also have some
sulfur in them but much less. When these fossil fuels are burned the
sulfur is oxidised to sulfur dioxide gas which escapes into the atmosphere:;



Sts) + 0O,(g —> S0O,(g)

Volcanaes are also a natural source of sulfur dioxide. They produce
about a third of the sulfur dioxide that pollutes the atmosphere.

The sulfur dioxide reacts with various compounds in the atmosphere
to form sulfur trioxide. The sulfur trioxide then reacts with water
vapour in the air to form a solution of sulfuric acid:

SO,(g) + H,O() —> H,50,(aq)

sulfur trioxide sulfuric acid
When the acidic water vapour condenses, acid rain is formed.

Sulfur dioxide is not the only source of acid rain. Nitragen oxides
from car exhausts also play a part (see Topic 15.4).

Reacts
in the air
(ot g e TR Adid rain
Sulfur dioxide Suffur trioxide ———» H,50
//' T
-} \\ /
f Corrodes

Valcanoes miials
Power Fs m|5
stations Buming  Erodes Erodes =
coaland  wet limestone:  Acdifies €S
other surfaces buildings lakes
fuels (fish die)

| How acid rain is formed

Acid rain may fall in an area far away from the source of pollution.
Sulfur dioxide and sulfur trioxide may he carried by winds as far as
200 km from the source. Acid rain can have a pH as low as 4.
Acid rain has many negative effects on the environment:

* Trees, especially pine trees, have their leaves damaged by the acid.
They can no longer carry out photosynthesis. The leaves fall off and
the trees die.

Lakes and rivers become acidic. If they are too acidic fish and other
aquatic life may die.

Soil may become too acidic to grow crop plants. The reaction of
the acid with the soil may also cause some minerals to dissolve.
Higher than normal concentrations of these minerals in soil water
may be harmful to crops.

* Buildings made from carbonate rocks will be eroded. The acid
reacts with the carbonate to release carbon dioxide and the surface
of the building crumbles. Buildings made from limestone and
marble are particularly badly affected.

* Metal structures such as bridges and iraon railings corrode.

DID YOU KNOW?

The clouds around the planet

Venus are made up of droplets
of concentrated sulfuric acid!

1 Carbon monoxide is a
poisonous gas formed from
the incomplete combustion
of compounds that contain
carbon.

2 The source of acid rain is
burning of fossil fuels.

3 Acid rain kills trees and
acidifies lakes leading to the
death of fish and acidifies
soils leading to reduction in
crop growth.

4 Lead pollution from old
sources such as petrol, paint
and water pipes can hinder
brain development.

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

blood hydrocarbon
monoxide oxygen
poisonous

Carbon is formed

when there is not enough
to burn carbon or a
completely. Carbon

monoxide is because
it stops transporting
oxygen.

2 Draw a flow chart to show
how acid rain is formed.

3 Explain why lead pollution
can still be a problem even
though it is rarely used in

petrol nowadays. j

191




¢ Describe some sources
of nitrogen oxides in the
atmosphere

* Describe the adverse effects of
nitrogen oxides

* Describe and explain how
catalytic converters remove
oxides of nitrogen

Supplement

Smog is a mixture of SMoke and fOG formed
from car pollution

Many large cities such as

Mexico City have problems with
the smog caused by nitrogen
oxides from car exhausts

reacting with hydrocarbons.

Light catalysed smog can be

very harmful to health. /

192

Sources and effects

Nitrogen forms several oxides. They are all gases. We usually call these
by their common names rather than by their correct chemical names.
Nitrous oxide is N,O (nitrogen(I) oxide), nitric oxide is NO (nitrogen(II)
oxide) and nitrogen dioxide is NO, (nitrogen(IV) oxide). Oxides of
nitrogen escape into the atmosphere from a number of sources:

* Most nitrogen oxides polluting the atmosphere are formed in car
engines. Nitrogen is usually unreactive. But the high temperature
and pressure inside an internal combustion engine causes nitrogen
and oxygen to combine. A mixture of different nitrogen oxides is
formed. This mixture comes out with the exhaust gases from the
engine. This mixture is sometimes called Nox to show that several

oxides of nitrogen are present.
formation of nitric oxide; —>  2NOl(g)

—> 2NO,(g)

N(g + 0,9
formation of nitrogen dioxide: N,(g) + 20.(g)

* From high-temperature furnaces — the temperature in these is high
enough to allow nitrogen and oxygen to combine.

* In areas where there are a lot of thunderstorms, the electrical energy
in the lightning causes the formation of large amounts of nitric oxide
and nitrogen dioxide from nitrogen and oxygen in the air.

¢ Bacterial action in the soil can cause nitrates to be converted to
nitrogen and nitrous oxide. This process is called denitrification.

In the atmosphere, a complicated series of reactions occurs. The
various nitrogen oxides formed can be converted into one another
by oxidation reactions or by photochemical reactions. Nitrous
oxide is more stable than the other two oxides and remains in the
atmosphere far longer.

Nitrogen oxides have several adverse effects on the environment:

* Nitrogen dioxide can cause acid rain. The nitrogen dioxide reacts
with oxygen in the presence of rainwater to form a solution of nitric
acid. Nitrous oxide and nitric oxide are not acidic, but nitric oxide can
be easily converted into nitrogen dioxide in the atmosphere:

2NO(g) + O,(g) 2NO,(g)

* Nitrogen oxides from car exhausts can combine with hydrocarbons
and other compounds in the atmosphere to form smog — a smoky
fog. Smog often takes a long time to clear and often traps other
particulates in it. This harmful mixture of gases and particulates
causes irritation in the throat and nose.

¢ High levels of nitrogen oxides have been linked to certain medical
conditions such as asthma.

—>



Supplement

Catalytic converters

We have seen how nitrogen oxides are formed in the car engine.
Poisonous carbon monoxide is also formed in the engine by
incomplete combustion of the fuel. A catalytic converter can be
fitted to a car exhaust to remove these two poisonous gases.

The exhaust gases from the car engine are passed through a "honeycomb’
in a catalytic converter. The surfaces on the haneycomb are covered with

a thin layer of catalyst made of platinum, rhodium or palladium or a
mixture of these. The gases react on the surface of the catalyst.

Most catalytic converters have two compartments. In the first

compartment the metals mainly catalyse the conversion of nitrogen
oxides to nitrogen. In the second compartment carbon monoxide is

converted to carbon dioxide:

2NO(g) —> N(g + 0,(q)
nitric oxide

2NO,(g@ —> N,(g + 20.(g)
nitrogen dioxide

2C0(g) + O,g) —> 2CO.(g)

The reactions in a catalytic converter are redox reactions. But
they may be more complicated than shown. Some of the carbon
monoxide may react directly with the nitrogen oxides:

2NO(g) + 2CO(g) —> NJ(g) + 2CO,(g)
nitric oxide carbon monoxide
2NO,(g) + 4CO(g) —> NJ(g) + 4CO,9g)

nitrogen dioxide carbon monoxide

Unburned hydrocarbons may reduce the nitrogen oxides too.

The gases leaving the car exhaust pipe now are not poisonous. However,

carbon dioxide contributes to global warming (see Topic 15.5).

Catalytic
converter

€0,
;\?

‘Honeycomb' support
coated with catalyst

H;0
Gases
from
Second engine

compartment .
P First

compartment

\_Figure 15.4.1 A catalytic converter

Supplement

SUMMARY QUESTIONS

1 Explain how nitrogen oxides are produced:
a inacarengine
b during thunderstorms.

2 State three negative effects of nitrogen oxides on the
environment.

STUDY TIP

The best equations to
remenmber about reactions
tn the cnth(thE,a converter
ave the reactions of
witrogew oxides with
carbon monoxide to form
witrogew and carbon
dioxide.

juaweddng

3 Copy and complete using the words below:

converter exhaust hydrocarbons monoxide
nitrogen oxidised reduced

The  gases from a car engine include oxides,
carbon and unburned . These gases are passed
through a catalytic where nitrogen oxides are
nitrogen and carbon monoxide is to carbon dioxide.

to

1 Nitrogen oxides are formed in
car engines by nitrogen and
oxygen reacting under high
pressures and temperatures.

2 Nitrogen oxides can cause
smog, breathing difficulties
and acid rain.

3 Nitrogen oxides, carbon
monoxide and unburned
hydrocarbons can be removed
from car engine exhausts by
catalytic converters.

4

_




» State that carbon dioxide,
methane and oxides of
nitrogen are greenhouse
gases and explain how they
may contribute to climate
change

* State the sources of methane
_

Burning fossil fuels may lead to increased
global warming

DID YOU KNOW?

CFCs are still used for
refrigeration and in spray

cans although many countries
have banned the use of these
compounds. Like nitrous oxide,
they stay in the atmosphere
for a long time and are ‘good’
greenhouse gases. Their main
effect is not as a greenhouse
gas but in the depletion of the
ozone layer which surrounds
the Earth. Fortunately the use
of CFCs has decreased rapidly
over the last few years.

4

Greenhouse gases

A greenhouse gas is a gas that absorbs heat energy and stops heat
escaping into space. The main greenhouse gases are carbon dioxide,
methane, nitrous oxide and CFCs (chlorofluorocarbons). These gases
are present in the atmosphere in tiny quantities compared with the
amounts of nitrogen and axygen. But even a small change in the
concentration of these gases may create an effect that could change
our climate. So what are the sources of these greenhouse gases?

* Carbon dioxide is the main greenhouse gas. It is naturally present in the
atmosphere. But over the past century the amount of carbon dioxide
has been increasing steadily and is now 0.038%. Much of this increase
is due to burning fossil fuels in power stations and cars. Smaller
amounts are produced by industrial processes, such as the thermal
decomposition of calcium carbonate to make cement and lime.

* Methane is in the atmosphere at a much lower concentration than
carbon dioxide. But it absorbs much more heat energy. The growing
numbers of cows, pigs and sheep release a lot of methane by bacterial
action in their digestive systems. The decomposition of vegetation,
espedially in swampy areas, also produces methane, as do rice paddy
fields. Even termites (ant-like insects) produce methane.

* Nitrous oxide produced by bacteria in the soil is a greenhouse gas
that remains in the atmosphere for a long time.

The greenhouse effect and global warming

The greenhouse effect has always been with us. Greenhouse gases
prevent the Earth from cooling down too rapidly when we are not
exposed to the Sun’s rays. If we did not have greenhouse gases in the
atmosphere, the Earth would be extremely cold.

The greenhouse effect works like this:

* Ultraviolet rays from the Sun have very short wavelengths. They
get through the Earth's atmosphere easily and are not absorbed by
carbon dioxide.

¢ The ultraviolet rays hit the Earth’s surface.
* The Earth's surface absorbs the ultraviolet rays and it heats up.

* Heat energy is lost from the Earth’'s surface as infrared rays. This is
long wavelength radiation.

* Infrared rays can be absorbed by carbon dioxide.

* Some of the heat is re-radiated back to the Earth and some escapes
into space.

The mare carbon dioxide there is in the atmosphere, the more heat
is absorbed by this greenhouse gas. More heat is re-radiated back to
Earth and less is lost into space. So the atmosphere heats up more.
We have global warming.



Short wave rays —
ultraviolet rays
from the sun

Some energy
escapes into

space M

Energy radiated from . .
the Earth.as Itmg waue-'_.
mfrared rays Pl

I.Errerg;y absorbed R Carbom dloridé
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Energy absorbed
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How the greenhouse effect works

Climate change and its results
A warmer atmosphere can affect our climate:

* The temperature of the air increases. This will lead to melting of
the polar ice-caps. This in turn will increase sea levels and cause
flooding of low-lying areas.

* There may be less rainfall in some areas. This will lead to the
formation of more deserts and so less food production.

* There may be mare violent weather in many areas — mare
storms and stronger winds. This will cause more destruction of
property and crops.

Many scientists think that we are beginning to see these effects
happening now.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

absorb atmosphere global greenhouse

increase methane radiated

Carbon dioxide and are gases that increase
warming. The greenhouse gases heat energy from
the Earth’s surface. The more carbon dioxide there is in the

, the greater the in global warming.

2 What do you understand by the term greenhouse gas?

3 Methane is a greenhouse gas. State two sources of methane

other than natural gas.

4

STUDY TIP

ltis meortav\,t that You

do not confuse the effects
of different pollutants:
earbow dioxide amng
methane are Linked to
global wayrmi and

sulfur dioxide ic Linked
to acid rain.

—~ .,

DID YOU KNOW?

Some scientists predict that the
average temperature near the

Earth's surface may rise by as
much as 6 °C by the year 2100.

1 Methane and carbon dioxide
are greenhouse gases.

2 Methane is produced as a
result of digestion in cows
and sheep, and from rice
paddy fields.

3 Greenhouse gases cause an
increase in global warming
by absorbing heat energy
radiated from the Earth's
surface.

4
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Supplement

* Describe the carbon cycle
to include the processes of
combustion, respiration and
photosynthesis

The increased use of motor vehicles increases
the concentration of carbon diaxide in the air

STUDY TIP

The two impo'rtawt
regulating features of
the carbon cycele are the
uptake of carbon dioxide
by phatosgwthcsis
and the productipn,

earbon dioxiole during
respiration.

——

DID YOU KNOW?

There is fifty times more carbon
in the oceans than there is in
the air.

The sea, the atmosphere, the rocks and living things all contain carbon.
We call these sources carbon reservoirs. The amount of carbon in each
of these reservoirs has not changed much over millions of years. This is
hecause there is a balance between the release and uptake of carbon
from these reservoirs.

At the present time scientists are most worried about the carbon reservoir
in the atmosphere. Most of the carbon in the atmosphere is present as
carban dioxide. We saw in Topic 15.5 that an increase in carbon dioxide
in the atmosphere is linked to an increase in global warming.

How does carbon dioxide get into the atmosphere?

Most fuels produce carbon dioxide when they burn. This carbon
dioxide escapes into the atmosphere.

CH,(9) + 20,(90 —> CO,(g + 2H,0()

methane +  oxygen —=> carbon dioxide + water

You can see from the equation that oxygen is also removed from the
atmosphere.

An even larger amount of carbon dioxide is produced by respiration,
This is the process by which living things get energy from food. It
takes place in the cells of all animals, plants and microbes. The main
source of energy in most organisms is glucose. We can summarise
respiration as:

CH,0, + 60, —> 6CO, + 6HO

6 12
glucose F oxygen —> carbon dioxide + water

Smaller amounts of carbon get into the atmosphere from the breakdown
of vegetation in swamps. This carbon may enter the atmosphere as
methane or carbon dioxide. Carbon dioxide is also produced from the
thermal decomposition of limestone and bacterial decompasition of dead
plants and animals.

There is a huge amount of carbon dioxide dissolved in the world’s
oceans. Some of this is present as dissolved carbon dioxide, and some
is present as hydrogencarbonate ions, HCO, . When the water in the
oceans gets warmer, carbon dioxide comes out of solution and enters
the atmosphere.

How is carbon dioxide removed from the
atmosphere?

Plants remove large amounts of carbon dioxide from the atmosphere
by photosynthesis. We can summarise this as:

6CO, + 6HO0 — CH,O, + 60,
carbon + water —>  glucose +  oxygen
dioxide

The glucose formed is used for plant growth and respiration. The
energy for this reaction comes from sunlight. Chlorophyll, the green
pigment in plants, traps the light and acts as a catalyst.




Carbon dioxide
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6.1 The main processes in the carbon cycle

Carbon dioxide is quite soluble in water and large amounts are
removed from the atmosphere by the oceans.

Keeping the balance

Look at the equations for photosynthesis and respiration. You will
notice that they are the opposite of ane another. Respiration releases
carbon dioxide to the air and photosynthesis removes carbon dioxide
from the air. These two processes are roughly balanced so that the
amount of carbon dioxide in the air remains fairly constant.

Some people are worried that the clearing of large areas of forests
will reduce the amount of carbon dioxide removed from the air and
make the carbon cycle unbalanced. The uptake of carbon dioxide
from the atmosphere into the oceans is also roughly balanced by the
carbon dioxide released back to the atmosphere from the oceans.

However, we have not taken into account the burning of fossil fuels.

If fossil fuels were being formed from carbon dioxide as fast as they

are being used, there would not be a problem. But fossil fuels are not
being formed. So scientists are worried that the increased carbon dioxide
concentration in the air will put the carbon cycle out of balance. This can
lead to increased global warming.

Mare carbon dioxide could also be released into the atmosphere by
warmer seas. Some scientists are worried that if the cycle becomes
too unbalanced global warming will get out of control.

1 The carbon cycle keeps the concentration of carbon dioxide in
the atmosphere approximately constant.

2 The amount of carbon dioxide produced in respiration is balanced
by that which is absorbed in photosynthesis.

3 Burning fossil fuels and deforestation may unbalance the
carbon cycle.

4

SUMMARY QUESTIONS

1 Copy and complete using th
words below:

atmosphere carbon
glucose oxygen
photosynthesis
uses water

The main processes that
keep the amount of

dioxide in the constant
are respirationand
Respiration uses from
the air to oxidise to

carbon dioxide and
Photosynthesis carbon
dioxide from the air to make
glucose and oxygen.

2 Describe two processes that
remove carbon dioxide from
the atmosphere.

3 Describe two processes that
add carbon dioxide to the
atmosphere.

=
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(LearninG outcomes |

* State the conditions required
for rusting

* Describe and explain methods
of rust prevention involving
coatings

* Describe and explain sacrificial
protection in terms of the

reactivity of metals

Supplement

STUDY TIP

Whew consideri
methods that prevent
rusting, ‘Ytﬂrmviwg
water and air’ are

explanations, not

wethods,

—_— J

What causes rusting?

Chemicals in the air may attack metals causing the surface to get
eaten away. We call this corrosion. The corrosion of iron and steel is
called rusting. Only iron and steel rust.

PRACTICAL
What are the best B
conditions for rusting?
Layer
We set up the three tubes _ . Qf}:}”
each with a clean iron —TAIr Dry air
nail at the bottom. We
observe the nails over a - [ron nail
period of time. We record
how long it takes for each
to rust.
o . Distilled Anhydrous Boiled,
The ngll in the tube with water calcium chloride distilled
just air and water rusts to dry the air water
quickly. The nails in the o b ——
IF an Iy air bu ater pu
other tubes do not rust. i i Srcoln e
_ Both air and water are
needed for rustin
. =

For rusting to occur, both oxygen and water are needed. Rusting is an
oxidation reaction:

4Fe(s) + 30,(9)

iron +  oxygen +

—> 2Fe,0,.H,0(s)
—> hydrated iron(I1T} oxide

+  2H,0()

water

There is no one simple formula for rust. The simplest formula that we
can suggest is the formation of hydrated iron(IIl) oxide. The amount
of water in rust varies with the conditions. You can see that rusting is
a redox reaction: the iron increases its oxidation state from 0 to +3,
and the oxidation state of oxygen changes from 0 to —2.

A layer of rust is very weak and it soon flakes away from the surface
of the iron. The newly exposed surface then starts to rust. Rusting is
speeded up by electrolytes such as salt. That is why ships rust very
quickly unless they are treated to prevent rust.

Stopping the rust

Rusting destroys about 20% of the world’s iron and steel every year. So it
is very important to stop rusting. We can stop rusting by coating the iron
or steel with a layer which keeps out air and water. We can use:

* Paint — for bridges and cars

« A plastic coating — garden furniture and wire netting for fencing
are often covered with plastic



« Metal plating — the iron is coated with another metal. This is
often carried out by electroplating. Chromium plating is used for
bathroom taps. Steel food cans are plated with tin. Iron for roofing
is coated with zinc by dipping it into the molten metal — we call
this galvanising

* Greasing and oiling — used for tools and the moving parts of

machinery.
fre]
I Galvanised steel is steel coated with zinc. The zinc forms a coating
g that stops water and oxygen from reaching the steel. But even when =, e
_% the zinc is scratched, the steel underneath will not rust. So there must | ships' hulls have to be painted regularly |
B3 be another way in which the zinc protects the steel. How does it do otherwise they will succumb to rust from
this? contact with salt water and air.
Zinc is more reactive than iron. A more reactive metal loses
electrons and forms positive ions more easily than a less reactive
metal (See Topic 13.3). When the layer of zinc is scratched, a
sort of electrochemical cell is set up in the presence of moisture.
The electrons flow from the zinc to the iron.
Zn{s) —> Zn’*(ag) + 2e
The zinc is oxidised and forms zinc ions. So the zinc corrodes rather
than the iron. We say the zinc is a sacrificial metal. So this method
of using a more reactive metal to protect a less reactive metal from
corrosion is called sacrificial protection. The more reactive metal
corrodes rather than the iron or steel.
Zinc strips protect the iron from rusting
The iron remains protected because the electrons are accepted on
its surface. This keeps the iron in a reduced state — it is not being
oxidised to rust.
The electrons from the zinc react with hydrogen ions in the water to
form hydrogen gas. DID YOU KNOW?
2H*(aq) + 2 —> H.,(g) In 2003 the Kinzua bridge
e i vani
The sacrificial metal does not have to completely cover the surface of '; i ah, st 083
; S A . estroyed in a storm because
the iron for the method to work. Pipelines, oil rigs and ships can be .
: : . i the bolts holding the structure
protected from corrosion by attaching bars of zinc or magnesium in
: : ; to the ground had rusted away.
direct contact with the iron.
SUMMARY QUESTIONS
1 Copy and complete using the words below: 1 Both water and oxygen are
flakes hydrated oxygen rust steel surface needed for iron to rust.
Rusting occurs when and water react with iron or 2 You can prevent rusting by
Rust is iron(IlT) oxide. The layer of rust easily off pqigtw;g, iL i oeiing
the of the iron. The fresh iron surface then starts to IR T R
— 3 In sacrificial protection a
2 Explain why iron plated with tin does not rust. more reactive metal is in
— contact with steel. The maore
I 3 E;:cpla‘in why a piece of magnesium in contact with a steel reactive metal corrodes in
E plpeilne prevents the plpellne rUStingA preference to the steel.
o
g 4 4
L7
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SUMMARY QUESTIONS

1 Link each pollutant on the left with its effect on
the right.

sulfur dioxide ~ smog as well as acid rain

nitrogen oxides damage to the nervous system
methane acid rain

lead compounds increased global warming

2 Describe a chemical test for water,

3 Copy and complete using the words from the
list below.

acid corroded fifth fossil oxidised
rust sulfur sulfuric trioxide water

Oxygen forms one _ of the atmosphere.
In the presence of _ , oxygen reacts with
irontoform  .lronisalso by
______rain. Acid rain is formed when
fuels containing  are burnt. The sulfur
dioxide formed is  in the atmosphere
to form sulfur . This combines with
rainwater to form a dilute solution of
acid.

4 Link each word on the left with the
corresponding phrase on the right.

a gas in the atmosphere that

rustin
>Hng absorbs heat energy
: the corrosion of iron
corrosion
fossil furels a gas forming about 1% of
the air
reenh . , .
gaie Ak burning these causes acid rain
a gas forming about 80% of
argon :
the air
. the 'eating away' of metal
nitrogen
surfaces

PRACTICE QUESTIONS

1 Which one of these statements about rusting
is true?

A Rustis hydrated iron(III) sulfate,

B Oxygen is needed for rusting but water is
not.

C Both air and water are needed for rusting.
D Stainless steel rusts faster than iron.
(Paper 1)

2 Which one of these statements about the

carbon cycle is correct?

A Burning fossil fuels is responsible for most
of the carbon dioxide in the atmosphere.

B Methane gets into the atmosphere by
burning fossil fuels.

C Removing many of the forests on Earth will
decrease the amount of carbon dioxide in
the atmosphere.

D The amount of carbon dioxide put into
the atmosphere by respiration is roughly
the same as carbon dioxide removed by
photosynthesis.

(Paper 2)

3 Clean air is about four-fifths nitrogen.

(a) (i) State the names of three other gases
present in unpolluted air. [3]

(ii) For one of these gases, state the

7 Put these phrases about the separation of
nitrogen and oxygen from liquid air into the
correct order.

A oxygen remains as a liquid at the bottom
of the column

B carbon dioxide is removed by bubbling

through sodium hydroxide

5 State three ways of preventing rusting. For each
method explain how rusting is prevented.

6 Catalytic converters remove nitrogen oxides
from the exhaust gases in car engines.

(a) Name two oxides of nitrogen.

Supplement

(b) Explain how nitrogen oxides are formed in
car engines.

(c) Explain how catalytic converters remove
nitrogen oxides.

C the mixture of nitrogen and oxygen
undergoes fractional distillation

D gases with a very low boiling point such as
argon are removed

E nitrogen comes off at the top of the
column as it has a lower boiling point

F airis compressed




name of the gas and the approximate

percentage of the gas in air. [1]
(b) Carbon monoxide is an atmospheric
pollutant,
(i) Suggest a source of carbon monoxide
and explain how it is formed. [2]

(ii) State an adverse effect of carbon
monaoxide on health. [1]

(c) Methane is also an atmospheric pollutant.
(i) State two sources of methane. [2]

(ii) Explain how methane may contribute
to climate change. [2]

(iii) State one effect of climate change. [7]
(Paper 3)
4 \Water is an important raw material in the
home and in industry.
(a) State one use of water (i) in industry
(ii) in the home. [2]
(b) Describe a chemical test for water and
state the result if the test is positive. [2]

(€) Water must be purified if it is to be used in
the home. In the water purification process

describe:

(i) how insoluble substances are removed
from the water [2]

(ii) why chlorine is used. [1]

(d) Water plays a part in the formation of acid
rain,
(i) What do you understand by the term
acid rain? [1]

(ii) Explain how acid rain is formed. [3]
(Paper 3)

5 The concentration of carbon dioxide in the
atmosphere is kept constant by respiration and
photosynthesis.

(a) Explain what is meant by the term
photosynthesis. [3]

(b) Write a symbol equation for the overall
reaction in photosynthesis. [2]

(c) (i) Describe one other process other than

photosynthesis that removes carbon
dioxide from the atmosphere. [1]

(ii) Describe one process, other than
respiration, that adds carbon dioxide
to the atmosphere. [1]

(d) Write a word equation for respiration.  [2]

(e) Carbon dioxide is a greenhouse gas.

(i) What do you understand by the term
greenhouse gas? (2]

(ii) Explain why the concentration of
carbon dioxide in the atmosphere has
increased over the past 100 years. [1]
(Paper 4)
6 Oxides of nitrogen are atmospheric pollutants.

(a) State one natural source of nitrogen
oxides. [1]

(b) Nitrogen oxides and carbon monoxide are
formed in car engines. Explain how these
oxides are formed in car engines. [3]

(c) Catalytic converters are added to cars to
remave oxides of nitrogen and carban
monoxide. Explain in simple terms how a
catalytic converter works. [3]

(d) Unburned hydrocarbons from car engines
can also react with nitrogen oxides:
4CH,, + 38NO, — 24CO, + 28H,0 + 19N,
Identify the reducing agent and the
oxidising agent in this reaction. Give
reasons for your answers. (4]
(Paper 4)
7 Air is a mixture of gases.
(a) Describe the composition of clean dry air.

(4]
(b) (i) Describe how nitrogen and oxygen
can be separated from air. [2]
(if) The separation of nitrogen from
oxygen depends on a particular
physical property of these gases.
Name this property. [1]
(c) Oxygen and water are needed far rusting

of iron.

(i) Describe one simple way of preventing
oxygen and water from reaching the
surface of the iron. [1]

(if) Rusting can also be prevented by
sacrificial protection. Explain how
sacrificial protection prevents rusting.

(3]
(Paper 4)



16 The chemical industry

* Describe the need for
nitrogen-, phosphorous-
and potassium-containing
fertilizers

* Describe the displacement of
ammonia from its salts

STUDY TIP

When you write equationg
for the formation, of
ammonium salie rementbey
that no watey is formed

as a product. For example:

amnonia + sulfuric acid
-

ammonium sulfate.
e o

202

We rely on many plants for our food. Plants need not only carbon
dioxide, light and water for healthy growth, they also need nitrogen
to make amino acids and proteins. There is plenty of nitrogen in the
air but few plants can use this because nitrogen is an unreactive gas.
Most plants take up nitrogen from the soil in the form of nitrates and
ammonium salts. When farmers harvest their crops, the nitrogen is
removed and not returned to the soil. After a few years the amount
of nitrogen in the soil is reduced and new crops wan't grow very well.
Phosphorus and potassium which are also needed for plant growth are
removed from the soil as well. What can we do to replace the loss of
these essential elements from the soil?

We can add a fertiliser. A fertiliser is a substance added to the soil to
replace the elements taken up by plants. Farmers also add fertilisers
to the soil to increase the yields of their crops. They can use animal
manure as a fertiliser. But only a limited amount of this is available.
So artificial fertilisers containing nitrogen, phosphorus and potassium
are added to the soil to replace the essential plant nutrients that have
been lost. These fertilisers are called NPK fertilisers after the symbols
for these three elements. A typical compound fertiliser may contain
ammonium nitrate, ammonium phosphate and potassium chloride.
A single fertiliser does not contain potassium and phosphorus.

Making fertilisers

Nearly 10% of the entire chemical industry is involved in making
fertilisers. Many fertilisers contain ammonium salts. These are made
by neutralising ammonia with acids:

NH,(ag) + HNO,(aq) —> NH,NO,(aq)
ammonia +  nitric acid —>  ammonium
nitrate
3NH,(aq) + H,PO,(aq) — (NH,),PO, (aq)
ammonia +  phosphoric _— ammonium
acid phosphate

Watef ——
L ——
Natural gas —»

- Ammonium
nitrate
~ factory

Ammonium
nitrate
fertiliser

-~ Compound

Phosphate rock = [P fertliser

Sulfuric acid —- [REEL

NPK
fertiliser

Potassium chloride

- A flow chart for making an NPK fertiliser



The ammonia for these reactions is made by the Haber process (see
Topic 16.2). The sulfuric acid for making phosphoric acid is made by
the Contact process (see Topic 16.4). The potassium in fertilisers
usually comes from salts such as potassium chloride which are mined.

PRACTICAL

Making ammonium sulfate fertiliser

1 You titrate ammonia with
sulfuric acid using methyl
orange as an indicator.

2 When the methyl arange turns
pink, you record the burette
reading.

3 Then you repeat the titration
without the indicator, adding
the same amount of acid as you
did before.

. Ammonia +
4 You then pour the solution from | methyl orange
the flask into an evaporating indicator

basin. You evaporate some of

L Making ammonium

the water and allow the fertiliser
to crystallise,

sulfate /

Displacement of ammonia from ammonium salts

Many fertilisers are slightly acidic. But many crop plants do not grow
well in acidic conditions. So farmers sometimes add lime (calcium
oxide, Ca0) to the soil to neutralise the acidity. Lime reacts with water
in the soil to form slaked lime, calcium hydroxide. This is alkaline.

If too much lime is put on the soil it reacts with ammonium salts in
fertilisers to release ammonia:

2NH, C(ag) + Ca(OH),(aq) — 2NH,(g) + Cal(aq) + 2H,O()
ammonium
chloride

calcium water

chloride

calcium
hydroxide

ammonia

The stronger alkali displaces ammaonia from the ammonium salts.
The ammonia escapes as a gas into the air and is lost from the soil.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

elements fertilisers harvested
phosphorus potassium soil

Plants need nitrogen, and for healthy growth.
Artificial are added to the to replace the essential
lost when the crops are

2 Describe how artificial fertilisers are made.
3 Ammonium nitrate is present in many fertilisers. Write a word

equation for the reaction used to make ammonium nitrate. /

Fertiliser being spread on fields by hand

DID YOU KNOW?

China now uses more synthetic

fertilisers than any other
country — about 50 000 000
tonnes per year.

1 Fertilisers are added to soil to
replace the essential elements
lost when plants are harvested.

2 NPK fertilisers contain
nitrogen, phosphorus and
potassium.

3 Fertilisers are often
mixtures of salts containing
ammonium, potassium,
nitrate and phosphate ions.

4
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* Describe the sources of the
hydrogen and nitrogen used
to make ammonia

Supplement

* Describe and explain the
essential conditions used in

the Haber process

_4

- e L i S

A chemical plant for making ammonia

DID YOU KNOW?

The Haber process is more
properly called the Haber—

Bosch process. Carl Bosch did
thousands of experiments

to find the best catalyst and
conditions to make ammonia. J/

STUDY TIP

You should know the
conditions wsed (i,

the Haber process and

why these particulay,
conditipmne are used

by referring to the
equiltbrivim reaction,

|

—
___._,_J

Millions of tannes of ammonia are produced every year to make fertilisers,
nitric acid, nylon and explosives. Over 80% of the ammonia produced is
used to make fertilisers. But until 1908 nobody could make ammonia by
combining nitrogen and hydrogen because nitrogen is very unreactive.

The problem was solved by a German chemist called Fritz Haber.
He found that nitrogen can combine with hydrogen at high pressure
and temperature. We call this method the Haber process.

The raw materials

The hydrogen for the Haber process is made either from natural gas
or by ‘cracking’ ethane. The ethane is obtained from the fractional
distillation of petroleum.

From cracking ethane using a high temperature and catalyst:
CGHs@ —> GH(g) + H,9)

ethane o ethene 4+ hydrogen

From natural gas by reaction with steam in the presence of a nickel
catalyst:

heat + Ni catalyst

CH,(g) + H,0(g) > CO(g) + 3H,(9)
methane  + steam — carbon +  hydrogen
monoxide

The carbon monoxide, which can poison the catalyst used in the
Haber process, is removed by reaction with more steam:

COlg) + HO(@ —> COfg + Hlg

Nitrogen for the Haber process is extracted from air, the oxygen
having been removed by reaction with hydrogen.

The Haber process

The stages in the Haber process are:

* A mixture of nitrogen (1 volume} and hydrogen (3 volumes} is
compressed.

* The compressed gases pass into a large tank called a converter. This
contains trays of iron catalyst. The temperature in the converter
is 450 °C and the pressure is 200 atmospheres. Nitrogen and
hydrogen combine:

N,(@ + 3H,(g = 2NH,(g)

Under these conditions about 15% of the nitrogen and hydrogen
are converted to ammonia.

* The mixture is passed to a cooling chamber. The ammonia
condenses here and is removed.

* The unreacted nitrogen and hydrogen are returned to the
converter. In this way they are not wasted.




(as stream containing
hydrogen and nitrogen

Reaction vessel containing iron catalyst.
An equlibrivm mixture of ammonia

Gases mixed (about 15%) is formed in here.

and scrubbed ' I

here

The nitrogen/hydrogen
mixture is compressed
to a pressure of 200atm
and heated to 450°C

Unreacted nitrogen and
hydrogen are returned
to the reaction vessel
via the compressor.

Cooling
chamber

T

Mixture of gases emerging from the
reactor is cooled. Ammania condenses
to a liquid and is separated.

The Haber process

What are the best reaction conditions?

The reaction to make ammonia is an equilibrium reaction. The reaction
is exothermic in the forward direction. Figure 16.2.2 shows how the
equilibrium yield of ammonia varies with temperature and pressure.

The yield is the percentage of ammonia in the equilibrium mixture.

You can see that the yield of ammonia increases with an increase in
pressure. This is because, for a gas reaction, increasing the pressure
shifts the equilibrium in the direction of lower volume. In this case it
is to the right — in favour of an increased yield of ammonia. But high
pressure is expensive. It costs a lot of money to make strong, safe
vessels and a lot of expensive fuel is used to keep the pressure high.
So we do not use a very high pressure.

The yield of ammonia
depends on the temperature
and pressure

450 °C. This gives quite a good
yield with a fast enough rate of
reaction.

The catalyst has no effect on the equilibrium - it speeds up the rate
of both the forward and the reverse reaction equally.

The yield of ammonia decreases
1001 200°C with increasing temperature.
a0l This is because an increase
® in temperature favours the
é g0l 300°C | ondothermic reaction — in this
= case the endothermic reaction
S 40 400°c | is the reverse reaction. But if we
i use too low a temperature the
& 20 500°C | rate of reaction will be too slow.
There is a conflict between the
00 5'0 150 1._'30 250 > | best equilibrium yield and the
pressure/atmospheres best rate of_reachon. So we use
a compromise temperature of

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

atmospheres compressed
converter Haber iron
nitrogen speed

Ammonia is made by the
process. Hydrogen and

are and reacted
together in a at450 °C
and 200 pressure.
A catalyst of is used to

up the reaction.

2 Explain why a compromise
temperature of 450 °C is used
in the Haber process.

3 How are the nitrogen and
hydrogen for the Haber

process obtained?

4

1 Nitrogen will not react
with hydrogen at room
temperature and pressure.

2 The conditions used in the
Haber process are 200 atm
pressure, a temperature of
450 °C and an iron catalyst.

3 A compromise temperature
is used in the Haber process
which gives quite a good
yield at a fast enough rate of

reaction.

4
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Supplement

¢ Name some sources of sulfur

¢ Name some uses of sulfur
and sulfur dioxide

* Describe the properties
and uses of dilute and
concentrated sulfuric acid

Sulfur crystals

DID YOU KNOW?
The amount of sulfur dioxide

produced by volcanoes is just
over half the amount produced
by burning fossil fuels.

Sulfur: sources and uses

Sulfur is a yellow non-metallic element that is found uncombined in
layers under the ground. Sulfur is mined in the United States, Mexico,
Poland and Sicily in the south of ltaly. It is also found comhbined with
metals in ores such as zinc blende, ZnS, and galena, PbS. Natural gas
and petroleum also contain sulfur, mainly as hydrogen sulfide, H,S.
Some natural gas from the South of France has a sulfur content of 15%.

About 90% of the sulfur extracted is used to manufacture sulfuric
acid. The rest is used to make rubber tyres more flexible (vulcanising)
and for making dyes.

Sulfur dioxide

Sulfur dioxide is a colourless poisonous gas. Large amounts of sulfur
dioxide are added to the atmosphere every year by volcanoes and the
burning of fossil fuels. Sulfur dioxide is highly acidic when it touches
moist surfaces. It is the gas given off when sulfur burns:

Ss) + O,g) —> 50,9)
It can also be made by roasting ores:
2Zns(s) + 30,9 —> 2Zn0(s) + 2S0,(g)
zinc 1 oxygen  —> Zine f sulfur
sulfide {in air) oxide dioxide

These two reactions provide sulfur dioxide for the manufacture of
sulfuric acid. Sulfur dioxide is used:

* as a bleach during the manufacture of paper from wood pulp.
It is especially useful for bleaching materials such as silk, wool and
straw which are destroyed by stronger bleaches such as chlorine.

* to preserve food and drinks. It does this by killing any bacteria
present. Although sulfur dioxide can be added directly to drinks to
preserve them, compounds called sulfites are more often added.
These decompose to sulfur dioxide in acidic conditions:

SO,/ (ag) + 2H%agq) —> SO,(g) + H,0()
sulfite ion +  acid o sulfur +  water
dioxide
Plastics

Paints and dyes Phasphate fertilisers

Cleaning metals Other fertilisers

Other uses

Soaps and detergents Fibres

_ The uses of sulfuric acid

juawsajddns



Supplement

Supplement

Sulfuric acid
Sulfuric acid is one of the most important industrial chemicals. It has
many uses (see Figure 16.3.1).

Sulfuric acid is a dibasic acid. This means that on reaction, two
hydrogen ions can be formed per molecule.

HSO,(aq) + 2NaOH(aq) —> NaSO,(aq) + 2H,0()
sulfuric acid ~ + sodium —> sodium sulfate : water
hydroxide

Concentrated sulfuric acid is used as an acid drain cleaner and for
cleaning metals. Concentrated sulfuric acid is an oxidising agent.

It oxidises copper to copper (IT) sulfate, and carbon to carbon
dioxide. It is also a dehydrating agent, for example it removes water
from ethanol to form ethane.

Dilute sulfuric acid is a strong acid and has typical acidic properties:

* |t reacts with metals above hydrogen in the reactivity series to form
a salt and hydrogen:

HSO,(aq) + Zn(s) — ZnSO,(aq) + H.(g)
sulfuricacid  +  zinc > zinc sulfate  + hydrogen

* |t reacts with metal oxides to form a salt and water:
H,50,(aq) + MgO(s) —> MgsSO,(ag) + H,0()

sulfuricacid 4+ magnesium —>  magnesium } water
oxide sulfate

* It reacts with metal hydroxides to form a salt and water:

H,50,aq) + 2KOH(ag) —> K,SO,aq) + 2H,0()
sulfuric acid ! potassium —>  potassium ; water
hydroxide sulfate

* |t reacts with carbonates to form a salt, water and carbon dioxide:

H,50,(aq) + Na,CO,(aq) —> Na,SO,(aq) + H,O() + CO,(g)

sulfuric acid 4 sodium — sodium + water + carbon
carbonate sulfate dioxide

STUDY TIP

Sulfurie acid has twe
hydrogen lons that cam be
veplaced. Make sure that You
revenmber this whem writi
sy m}baL equations forthe
veaction of sulfiric acid with
wmetals, metal oxides gng
metal carbonates.

SUMMARY QUESTIONS

1 Sulfur is used for vulcanising
rubber and for making sulfur
dioxide.

2 Sulfur dioxide is used to
bleach wood pulp and as a
food preservative.

1 Name two sources of sulfur. 3 Concentrated sulfuric acid
2 Name two uses of sulfur dioxide. is an oxidising agent and a
- - - — dehydrating agent.
3 Write symbol equations for the reaction of sulfuric acid with: _ L ;
. 4 Dilute sulfuric acid reacts with
2 magngsmm . metals, metal oxides, metal
b potassium hydroxide. hydroxides and carbonates.
4 4
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Supplement

* Describe the manufacture of
sulfuric acid by the Contact
process

* Describe the essential
conditions and reactions in
the Contact process

A chemical plant for making sulfuric acid

STUDY TIp

You will weed o loyow

the main reactions i the
Contact process and be
able tzf write the velevans
fquations. You also need to
Ruow why the particular
conditions of tewperature

i and pressure are used.

4

Sulfuric acid has been an impartant chemical for many years. In

1843, the German chemist Liebig wrote ‘We may judge the prosperity
of a country by the amount of sulfuric acid it uses.” More sulfuric acid
is made in the world than any other chemical. About 150 000 000
tonnes are made every year. It is used to make fertilisers, detergents,
paints, fibres and to clean metals. It is also used in car batteries.

Most sulfuric acid is made in industry by the Contact process.
Although the idea behind the Contact process was discovered in
1831, this method was not used until there was a greater demand
for very concentrated sulfuric acid.

The Contact process

The raw materials for the Contact process are sulfur, air and water.
The sources of sulfur are:

« sulfur from beneath the ground

* sulfide ores

* hydrogen sulfide from petroleum or natural gas.

Sulfur as liquid spray

Sulfur dioxide Some 98%
Ajr + air «—— sulfuric acid
s Absorber recycled

Catalyst

beds \__ Water
i .-
Converter Sulfur trioxide

99.5%
98% sulfuric
sulfuricacid  acid

_ The manufacture of sulfuric acid by the Contact process

The stages in the Contact process are:

Sulfuric acid
for industry

* A spray of molten sulfur is burned in a furnace in a current of dry
air. Sulfur dioxide is formed:

s(h + 0O, —> 50,()

* The sulfur dioxide is cooled and reacted with excess air. This happens
in a tower called a converter. The converter contains four layers of
a catalyst, vanadium(V) axide. The temperature in the converter
is about 450 °C and the pressure is atmaospheric pressure. In the
converter sulfur dioxide is converted to sulfur trioxide:

250,(g) + 0O,(@ == 250,(9)
sulfur 4+ oxygen =—= sulfur
dioxide trioxide
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This reaction is exothermic. The heat is removed between each
catalyst layer to keep the temperature quite low. The mixture of gases
leaving the tower contains between 96% and 99.5% sulfur trioxide.

* The sulfur trioxide is absorbed into a 98% solution of sulfuric acid.
This happens in a tower called an absorber. We do not dissolve the
sulfuric acid directly into water. This is because when sulfur trioxide
reacts with water a fine mist of sulfuric acid forms. This does not
condense very easily. The sulfur trioxide dissolves in the 98% sulfuric
acid to form a thick liquid called oleum:

SO,(@) + H,50,0) —> H,5,0.()

sulfur trioxide  sulfuric acid oleum

* The oleum is mixed with a little water to make concentrated 98%
sulfuric acid:

H,5,0,() + H,O0() —> 2H,50,()

Some of this 98% acid is returned to the absorber and the rest is run
off to be used as concentrated sulfuric acid.

What reaction conditions do we use?

The reaction to make sulfur trioxide from sulfur dioxide is an equilibrium

reaction. The yield of sulfur trioxide increases with an increase in pressure
in the direction of decreasing volume. But atmospheric pressure is

used. There is no need to increase the pressure because the yield of sulfur

trioxide is already very high at atmospheric pressure.

The reaction is exothermic. So the yield of sulfur trioxide decreases with
increasing temperature. This is because an increase in temperature
favours the endathermic reaction — the reverse reaction. But if we use
too low a temperature the rate of reaction will be too slow. So we use
a compromise temperature of 450 °C. This gives quite a good yield of
sulfur trioxide with a fast enough rate of reaction.

The catalyst has no effect on the equilibrium — it speeds up the rate
of the forward and the reverse reactions equally.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

air Contact dioxide oleum sulfuric
trioxide vanadium

In the process sulfur is first burned to form sulfur

The sulfur dioxide reacts with more in a converter packed
with layers of (V) oxide catalyst. The sulfur formed is
then absorbed in 98% acdtoform

2 Describe two oxidation reactions that take place during the
manufacturing of sulfuric acid.

3 Explain why atmospheric pressure is used in the Contact

process to convert sulfur dioxide to sulfur trioxide. j

DID YOU KNOW?

The ‘Father of Chemistry’ Jabir
ibn Hayyan discovered sulfuric
acid about 1200 years ago. It
is not certain whether he was
Arabic or Iranian.

1 In the Contact process, sulfur
is first burned to form sulfur
dioxide.

2 The sulfur dioxide is converted
to sulfur trioxide at 450 °C in
the presence of a catalyst of
vanadium(V) oxide.

3 The sulfur trioxide produced in
the Contact process is absorbed
into 98% sulfuric acid. //
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* Describe the manufacture
of lime in terms of thermal
decomposition

* Name some uses of lime and
slaked lime

* Name the uses of calcium
carbonate

STUDY TIP

it is a common ervor to
skggest that oxygen (s
:q reactawmt oy product '
in the production
Line. The reaction i< g
thermeal decomposition.
OxYygen does not reqet
with ealeivom carbonate I
and oxygen gas is NoT
guven off i the thermal

' mﬂm‘poﬁ:ﬁow.

DID YOU KNOW?

The thermal decomposition

of limestone to make lime is
one of the oldest chemical
reactions known. Some of the
later pyramids in Egypt have
lime mortar between the stone

blocks. /

The main source of calcium carbonate is limestone. This rock was formed
millions of years ago from the remains of the shells and skeletons of tiny
sea creatures which died and fell to the bottom of the sea.

Lime

When we heat limestone strongly it breaks down into calcium oxide
and carbon dioxide. This is an example of thermal decomposition.
The common names for calcium oxide are lime or quicklime.

CaCo,(s) —> Ca0(s) + CO,9g)
caleium —=  calcium  + carbon
carbonate oxide dioxide

PRACTICAL

The thermal decomposition of limestone

You heat a tiny ‘chip’ of calcium carbonate very strongly. Calcium
oxide is formed on its surface. You put the chip on a watch glass
and add a few drops of universal indicator. There is a reaction
and the indicator turns purple.

Tripod and gauze

Calcium

carbonate
chip
_________ Universal indicator
solution
‘ 0 Heated chip

Watch glass
Bunsen burmer

_ Heat decomposes limestone _—/

Lime is usually made in a furnace called a lime kiln. In a rotary lime
kiln, lumps of limestone are fed in at the top. The limestone is
strongly heated by a current of hot air. The rotation of the kiln helps
the limestane mix with the hot air. The limestone decomposes to
calcium oxide (lime). This is remaved at the bottom of the kiln.

Air +carbon dioxide Kiln rotates

Limestone in

H H Temperature increases U Lime out

as the limestone travels
through the kiln

_ A rotary lime kiln




Although the decomposition of calcium carbonate is a reversible
reaction, the lime kiln is not a closed system (see Topic 9.1). The
hot air carries the carbon dioxide out of the kiln so that the reverse
reaction to re-form calcium carbonate cannot occur.

Slaked lime
Slaked lime is calcium hydroxide. This is made from lime by adding
water. The water is added slowly because the reaction is very .
exothermic: o -
CaO(s) + H,0() —> Ca(OH),(s) ; ]‘
calcium oxide +  water —> calcium hydroxide Lime mortar was used to cement together
(lime) (slaked lime)

the stone blocks of the pyramids

1 Calcium oxide (lime) is made
by heating limestone in a
rotary kiln.

A solution of calcium hydroxide in water is limewater. This is used as
a test for carbon dioxide (see Topic 11.4).

Uses of limestone products

Limestone is used for building, in the extraction of iron, and in the

construction of roads. In powdered form we use it to neutralise

excess acidity in soils and lakes and to make glass.

2 Limestone is used in the
extraction of iron and the
manufacturing of cement.

Limestone is also used in the manufacturing of cement: the limestone
is mixed with clay and heated in a furnace at about 1500 °C. It is
then mixed with gypsum — calcium sulfate. This mixture is crushed

to make cement. A mixture of cement with water and sand is called 3 Lime and slaked lime are
mortar, used to treat acidic soil and
to neutralise acidic waste

Lime mortar is made from calcium oxide. It hardens when it reacts
with carbon dioxide in the air.

products in industry. /

Lime and slaked lime are used for treating excess acidity in soils and
lakes.

When coal or petroleum fractions containing sulfur impurities
are burned in power stations or to heat furnaces, sulfur dioxide is SUMMARY QUESTIONS _

formed. This causes acid rain. The sulfur dioxide can be removed by _
passing it through a spray or slurry of calcium carbonate, calcium 1 Copy and complete using the
oxide or calcium hydroxide. This is called flue gas desulfurisation: words below:
CaO(s) + SO,(g) —> CaSO,(s) carbon decomposes
calcium  + sulfur —>  calcium lime water
Giade pigidE iz When limestone is heated it
The calcium sulfite formed is reacted with air and water to form __ to calcium oxide and
calcium sulfate: dioxide. Calcium oxide
is also called . Slaked
2CaSO_3(S) + 0,9 + 4H0() — ZCasoﬂ..zHFO(s) lime = made By ad g
calcium sulfite  +  oxygen +  water —>  hydrated calcium sulfate to lime.
Th; ca;cium skglfate chcanlbe L{;ed to make plastirboard o(; to prcgiv_ide D State ke eas of saked lime
sultur for making sufturic acid. Buit |_t IS more o ten just dumped In and two uses of lime.
the ground because transparting it is too expensive. _
3 Describe how lime is made. /
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SUMMARY QUESTIONS

1 Link each compound on the left with its
description on the right.

ammonium  this is quicklime, used for
nitrate neutralising acidic soll
calcium an alkaline gas used to make

oxide fertilisers

calcium this is used in the manufacture
hydroxide of iron and cement

calcium a solution of this chemical is
carbonate called limewater

ammonia a salt used as a fertiliser

2 Copy and complete using the words from the
list below.

acidity ammonium crops elements
harvested limestone phosphate

reduce

Farmers use several chemicals to make sure that
their grow well. Fertilisers such as

sulfate and ammonium _ are added to the
soil to replacethe  removed when crops
are . Quicklime and powdered  are
added to thesoilto  its

3 State the names of a suitable acid and alkali
you can use to make each of the following
fertilisers:

(a) ammonium sulfate
(b) potassium phosphate
(c) ammonium nitrate.

4 Write symbol equations for:

(a) the reaction of nitrogen and hydrogen to
make ammonia

Supplement

(b) the reaction of sulfur dioxide with oxygen
to make sulfur trioxide

(c) the thermal decomposition of calcium
carbonate

(d) the reaction of sulfuric acid with calcium
carbonate.
5 Write symbol equations for the reaction of
sulfuric acid with:
(a) magnesium oxide
(b) zinc
(c) sodium hydroxide
(d) sodium carbonate.

PRACTICE QUESTIONS

1 Which one of these statements about
fertilisers is true?
A Ammonium nitrate can be used as a fertiliser.
B Fertilisers contain nitrogen, sulfur and iron.
C Fertilisers are added to the soil to make it
more alkaline.

D Fertilisers are made by combining calcium
with oxygen.

(Paper 1)

2 Which one of these statements about the
Haber process is correct?

A The raw materials are nitrogen dioxide,
from the air and methane from the
petroleum industry.

B The temperature used is about 450°C
because a higher temperature would
reduce the yield of ammonia.

C The temperature is above 800°C hecause a
higher temperature gives a greater yield of
ammonia.

D The pressure in the reaction vessel is 20
atmospheres because the reaction is
exothermic.

(Paper 2)

3 Fertilisers are spread on fields by farmers.

(a) Why do farmers use fertilisers? {1]

(b) State the names of the three elements
most commonly found in fertilisers. [3]

(c) Ammonium sulfate is a fertiliser. Describe
how you can make ammonium sulfate in
the laboratory from agueous ammonia and
sulfuric acid. [4]

(d) Ammonium nitrate is also a fertiliser. Write
a word equation to show how ammonium

nitrate can be produced. 2]
(Paper 3)
4 Calcium carbonate is used in the manufacture
of lime.
(a) Name a rock which contains largely
calcium carbonate. [1]
(b) (i) Describe how lime is manufactured
from calcium carbonate rocks. 3]
(i) Copy and complete the equation for this
reaction:
CaCO, — i [2]



(c) Explain why farmers sometimes put lime
on their fields. [2]
(d) When lime reacts with water to form slaked
lime, the reaction mixture gets very hot.
(i) Whatis the name given to a chemical
reaction which gives out heat? [1]

(ii) Copy and complete the symbol
equation for this reaction:

Ca0 + —> [2]
(iii) Give one use of slaked lime. [1]
(Paper 3)

5 Ammonium phosphate is a fertiliser.
(a) Suggest two substances that you could react
together to make ammonium phosphate. (2]

(b) What method would you use to make
ammonium phosphate in the laboratory? [1]

(c) Copy and complete the following sentences
about the crystallisation of ammonium
phosphate. Select words from the list below.

concentrated dilute dried
phosphate solution water

A of ammonium is put into
an evaporating basin and the is
evaporated until the is very _

The solution is then left to form crystals.
The crystals are then removed and

[4]
(d) Name another two fertilisers that can provide
a plant with nitrogen in soluble form. 2]

(Paper 3)

6 The Haber process can he represented by the
eqguation;

N,(g) + 3H,(g) == 2NH,(g) AH =-92k}/mol
(a) State the source of nitrogen for this

process. [1]
(b) State two sources of hydrogen for this
process. [2]

(c) Explain why the yield of ammonia rises as
the pressure increases. [2]

(d) How does the yield of ammonia vary with
temperature? Explain your answer. (3]

(e) Why is the reaction carried out at about
450°C rather than at a higher or lower
temperature? [3]

(Paper 4)

7 A flow chart for the production of sulfuric acid

is shown below.
A
[Fumace|+{Converter}+{ Absorber|-+{Diluter|

-~ t ]

B
- C

(a) State the name for the process used to
make sulfuric acid. [1]
(b) State the names of substances (i) A (i) B
and (iii) Cin the flow diagram. (3]
(c) Write a balanced equation for the
formation of sulfur trioxide in the
converter. [2]
(d) State the name of the catalyst used in the
converter. [1]

(e) What conditions of temperature and
pressure are used in the converter? Explain

why these conditions are used. [4]
(f) Explain why sulfur trioxide is not dissolved

in water in the absorber. [1]
(Paper 4)

8 Sulfuric acid, H,SO,, is a dibasic acid.

(a) What do you understand by the term

dibasic? (1]
(b) Sulfuric acid is a strong acid. Explain the
meaning of strong acid. [1]

(c) Write a balanced equation for the reaction
of dilute sulfuric acid with calcium. [2]

(d) Sulfuric acid reacts with several
compounds of calcium. Write balanced
equations for the reaction of sulfuric acid
with two different calcium compounds.
Include state symbols. [6]

(e) Sulfuric acid is made from sulfur dioxide.
Name two other uses of sulfur dioxide. [2]

(Paper 4)
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17 Organic chemistry and petrochemicals

E

dle

Organic chemistry

About two hundred years ago the Swedish chemist Jons Jakob
Berzelius divided chemicals into two main groups: organic and
inorganic chemicals. Most organic chemicals burn or char (go black)
when heated. Most inorganic chemicals just melt on heating.

* Describe a homologous
series as a family of similar
compounds with similar
chemical properties due to

the presence of the same All organic compounds contain carbon. They usually contain
functional group hydrogen and may contain other elements as well. Millions of organic

o Name and draw the structures compounds are known. So we have to make rules for naming them.
of methane, ethane, ethanol Fortunately for us, many organic compounds can be put into groups.
and ethanoic acid A group of arganic molecules with similar chemical properties is

A De it e oo i) called a homologous series. Two homologous series are alcohols
g Carictart 9 f and carboxylic acids, Here are the names and formulae of some
@ eldid At e compounds in these two homologous series:
il homologous series
§' * Recall that compounds in a alcohol homologous series carboxylic acid homologous series
homologous series have the methanol  CH_ OH methanoic acid HCOOH
same general formula 5
ethanol C,H.OH ethanoic acid CH,COOH
propanol  CH,OH propanoic acid C,H,COOH

You can see that all the alcohols have an -OH group and that all

the carboxylic acids have a -COOH group. We call this group the
functional group. A functional group is an atom or group of atoms
that gives a compound particular properties. Carboxylic acids behave
in a different way from alcohols but each carboxylic acid has very
similar chemical properties.

More about homologous series

We can tell which homologous series a compound belongs to by
the ending of its name. For example, the members of the alcohol
homologous series all end in —ol. The table gives a list of some of
these endings.

homologous name ending | functional group | example
series
| ethane,
alkane -ane —C—H
| GH;
e / ethene
= C=C !
alkene ene @ S CH,
ethanol
alcohol -ol —0—H "
C,H,OH
Most organic compounds char or burn when B i . i //O ethanoic acid,
heated in air. Most inorganic compounds just e Akl sl C\ CH,COOH
melt or vaporise. 0O—H




Supplement

We can show that a homologous series has the same general
characteristics in several ways:

* We can give each homologous series a general formula which applies
to all members of the homologous series. For example, all members of
the alkane homologous series have the general formula C H,, ., where
n is the number of carbon atoms. The alkane with five carbon atoms is
called pentane. Its formula is CH,, ., ,, which is CH,,. All members of

TR
the alkene homologous series have the general formula CH, .

* As the number of carbon atoms in a homologous series increases by
one, the number of hydrogen atoms increases by two. For example:
CH,OH, C,H.OH, C,H,OH — each differs from the next by a CH, group.

* The members of a hamologous series have very similar chemical

properties because they all have the same functional group.

* The physical properties in a homologous series change in a regular
way as the number of carbon atoms increases. For example, the

boiling points of the alkanes (see Topic 18.1).

DID YOU KNOW?

Until Friedrich Wéhler made
urea in 1828, scientists
thought that compounds in the
body differed from inorganic
compounds because they had a
special ‘life force’ in them.

Supplement

Formulae of organic compounds

The full structural formula for methane shows how the atoms are
honded by covalent bonds. This type of formula is sometimes called

the displayed formula.

The molecular formula shows the actual number of each type of
atom in a compound without showing the bonds. The molecular

formula for methane is CH.,.

The full structural and molecular formulae for ethane are;

H H
full structural Y (|: C| " molecular CH,
formula | | formula
H H

We sometimes abbreviate the structural formula to show each carbon
atom with its attached hydrogen atoms one by ane but without
showing the single bonds. For ethane this type of structural formula

is written CH,CH..

SUMMARY QUESTIONS

1 Copy and complete using the words below:

atom chemical compound ethane
functional homologous

2 Draw:
a the full structural formula of methane
b the molecular formula of ethanol.

Methane and belong to the same series. They have
the same group. A functional group is an or group
of atoms that gives a its particular properties.

The full structural formula of methane, CH,

STUDY TIp

Whew drawiing the full
structural formula of
an organic compound
You should show gl
atoms and all bongs,
Pow’t forget that theye
Ls @ bond in the aleohol
functional group —O -

A

e

1 A functional group is an
atom or group of atoms that
gives an organic compound
its particular chemical
properties.

2 A homologous series is a
group of organic compounds
with the same functional
group and similar properties.

3 State three characteristics of a homologous series.

3 A homelogous series has
particular characteristics.

yuawajddng
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* Define the term hydrocarbon

* Name and draw the
structures of alkanes having
0 up to four carbon atoms

* Describe and identify

qQ

structural isomerism

Natural rubber is a very useful hydrocarbon
which is obtained from the sap of certain trees

DID YOU KNOW?

The compound BHC
(hexachlorocyclohexane) has
eight different isomers but
only one of the eight acts as an
insecticide.

STUDY TIp

When dmwiwg alkenes
make sure that there are
not top many hydrogen
atoms arowmd the carbon
atoms that forme the
double bong. Check to see
that each carbon atom
has four bongs.

A hydrocarbon is a compound which contains only carbon and
hydrogen atoms. The alkanes and the alkenes are two important
homologous series of hydrocarbons. Alkanes have only single
covalent bonds but alkenes can have one or more douhle bonds
between their carbon atoms.

Naming alkanes

What do all compounds with names starting with meth- have in
common? The answer is that they have only one carbon atom. A
compound beginning with eth- has two carbon atoms in its chain.
A compound with three carbon atoms has a name beginning with
prop-. The prefix tells us how many carbon atoms there are in the
longest chain. The compound on the right has H

a name starting with but- because the longest T T
chain has four carbon atoms. The names of the H H H
first six alkanes are shown below. You will need H_Cl_cl_c_cl_H
to remember only the first four of these (or the B ok

first two if you are doing the core paper). But it is
goad to be familiar with the other names because you are certain to

come across them.

Alkyl groups

prefix | number of name and full structural formula
carbon atoms | molecular formula
|
meth- 1 methane, CH, H—?—H
B
H
eth- 2 ethane, GH, H—f::—C]—H
H
H H H
prop- 3 propane, C,H, H—C:—C:—C:—H
H H R
§
but- 4 butane, CH, H~c|—c|~c] Cl—H
HHHH
HHHHH
pent- 5 pentane, C,H,, H—C:—C:—'C:—C:—%—H
H HHHH
HHHHHH
hex- 6 hexane, CH,, H_C]I_C:_(::_C]l_c:_t::_H
H HHHHH




Su pplement

When we remove a hydrogen atom from an alkane chain we have a
group called an alkyl group. So the alkyl group from ethane, CH,,

is CH.—. The alkyl group from butane, C,H_, is C,H - The general
formula for an alkyl group is CH,, | Alkyl groups are named after
the hydrocarbons by changing the -ane ending of the hydrocarbon to

-yl. So we call CH, - an ethyl group and C,H - a butyl group.

Structural isomers

The carbon chain in alkanes and other organic compounds can be
branched.

2-methylpropane butane
H
|
H—==H
J H HHHH
| | |
H—C—C—{C—H H=——E—=C=¢—H
TR | |
{ H H H HHH
(branched chain) (straight chain)

2-Methylpropane has four carbon atoms and has the same molecular
formula as butane, C,H, . But it is not butane because the carbon
atoms are arranged d|ffercntiy Compounds with the same molecular
formula but with a different structural formula are called isomers.

We say that the isomer of butane with the CH.- group sticking
out has a branched chain. Isomers may have the same chemical
properties but they have different physical properties. The boiling
point of straight-chained butane is 0 °C but the branched chain
isomer has a boiling point of =12 °C.

The rules for naming branched-chain alkanes can be quite
complicated. You do not have to learn these but it is useful to be
able to recognise why we use numbers in the names of some organic
compounds. Using the compound below as an example:

* You find the longest carbon chain and name the

compound after the number of carbon atoms in T
the longest chain. There are four carbon atoms H—C—H
in the longest chain. So it is named after butane. ’I* A T

* You then look for the alkyl side chain. In this H _-Ci_;C._Fl -
case it is a methyl group. So the compound is H H H H
methylbutane.

* You then have to number the alkyl group side chain by counting the
numbers of the carbon atoms from one end of the carbon chain.
You count from the end of the carbon chain that gives you the lowest
number. In this case counting from the left, the alkyl group is on the
second carbon atom. So the compound is 2-methylbutane.

All members of the alkene homologous series with one C=C bond
have the general formula C H, . These can also form isomers where
the position of the double bond changes. These structural isomers are
called position isomers:

H H H H H H
I H | |
H—C—C—C=C H—C—C=C—C—H

[ “H Il
H H H | H

1 A hydrocarbonis a
compound containing carbon
and hydrogen only.

2 The prefixes meth-, eth-,
prop-, amongst others, tell
us the number of carbon
atoms in the main chain of an
organic compound.

3 Structural isomers are
compounds with the same
molecular formula but
different structural formulae.

yuawalddng

4 Compounds with alkyl groups
sticking out from the main
carbon chain are called
branched-chain compounds.

4

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

butane chain members
number pent- prefixes

prop- three

The different of a
homologous series can be
identified by the meth-,
eth-, , but-, and

so on. These prefixes show the

_ of carbon atoms in the
main_ of the compound.
For example, has four
carbon atoms in its carbon
chain and propane has

2 Name:
a the straight-chained alkane
with four carbon atoms

b the alkene with three
carbon atoms.

juawa|ddng

3 Draw the full structural
formula for the two isomers
of butane.

_4
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* Name the fuels: coal, natural
gas and petroleum

* Describe the fuels obtained
from petroleum

* Describe the properties of

molecules within a fraction _/

Matural gas is methane

STUDY TIP

Don't get Gowﬁats&d
between, Petrolevum amnd

petrol. Petrolewin ig cride

DEL PEtFDL, alsp kwnowi

As gasoline, is a fraction

obtained when we dictil
Petrolerin.

The fossil fuels coal, petroleum (crude oil) and natural gas all
contain hydrocarbons. We cannot use petroleum (crude oil) as a
fuel because it is a sticky black liquid that is difficult to set alight.
When it does burn, it produces clouds of poisonous black smake.
Petroleum is a mixture of many types of hydrocarbons having
different lengths of carbon chain. Some of the chains are branched
and there may even be compounds with rings of carbon atoms.

H
H L H H H
¢ N s
| T AETES P
H\ PLEN /C‘\ /H H—C Q C—C—H
I & C s Ne—¢” L
VAN H
H'l & Y L°H 7 N
H H H H

_ There is a variety of hydrocarbons in petroleum

Fractional distillation is used to separate the hydrocarbon molecules
in petroleum into groups that have similar boiling points. These groups
of molecules are called fractions. Each contains hydrocarbons having
a certain range of carbon atoms. Apart from the refinery gases, all
these fractions are liquids. Many of these fractions are used as fuels:

fraction number of type of fuel
carbon atoms
" S— 1.4 metharje, propane, butane for
gas cylinders
gasoline (petrol) 5-10 petrol for cars
kerosene (paraffin) 10-16 for aircraft
diesel oil (gas ail) 16-20 diesel for cars and larger vehicles
fuel ol 20-30 for ships and home heating

—

Each fraction has particular properties. The table below shows some
of these properties. You can see that the properties show a trend as
the number of carbon atoms increase.

fraction number of C atoms | state melting and boiling point | density flammability
refinery gas 1-4 gas increases increases increases
gasoline 5-10 liquid

kerosene 10-16 liquid

diesel ol 16-20 liquid

fuel all 20-30 liquid

The viscosity (glueyness) of the liquids also increases with the number of carbon atoms. For example, gasoline
and kerosene flow easily, but fuel oil flows more slowly. The hydrocarbons within each fraction also show
trends in boiling point, density and flammability.
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* Methane (natural gas) — As well as being found under the ground,
methane is also produced by the decomposition of materials in

DID YOU KNOW?

rubbish sites. (In some places, the gas can be piped out from the Travelling by air produces nearly
rubbish site and used for heating.) twenty times more greenhouse

* Hydrogen — A good fuel because it releases a lot of energy per JasEs than tra\{ellmg the same
gram and is non-polluting. However, it is usually made by using distance by train.

energy from other fuels (see Topic 7.5).

On burning in a good supply of oxygen, hydrocarbons fuels form
carbon dioxide and water.

{ PRACTICAL 1 A good fuel releases a lot

; of heat energy per gram, is
? ; :
What is formed when fuels burn? non-polluting and is easy to
To water pump transport.
E+ . . . .
2 The fractional distillation
) i\ of petroleum provides us
Small luminous —g with a variety of liquid and
Bunsen flame
(air hg|e [| Dsed} Ice bath l_imewate[ ga SeQus fu e|5
Nat 3 The molecules within each
atural gas : ;
> fraction show trends in
physical properties.
CO, and H,0 f hen fuels b
3 an 5 arm whnen taeis burn 4 The produc‘ts Of the
We test the products formed when a fuel burns using this complete combustion of a
apparatus. We burn the fuel under the funnel. The gases hydrocarbon fuel are carbon
produced are sucked through the apparatus by a pump. Water dioxide and water.
collects in the U-shaped tube. You can test that this is water /
using white anhydrous copper(Il) sulfate which turns blue. The

limewater turns milky showing that carbon dioxide is produced./

DID YOU KNOW?

WHAT MAKES A GOOD FUEL? 1:Copy and completelising the
words below:

There are several things we take into account when we choose a excess fractional lighter

fuel for a particular job: petroleum water

* How much heat does it gives out? Most hydrocarbon fuels Many of the fractions
give out a similar amount of energy per gram but hydrogen of hydrocarbons produced by
produces a lot mare energy per gram. the distillation-of

* Is it polluting? Coal is very polluting, oil is less polluting and are useful fuels. When you
natural gas does not produce much pollution. But all these fuels burn a hydrocarbon in
produce the greenhouse gas carbon dioxide when burned. air, carbon dioxide and

* Is it easy to use? Solid fuels such as coal and wood are not as are formed.
easy to use as liquid fuels. 2 Write word equations for the

* |s it readily available? Many people are worried that the supply complete combustion of:
of petroleum and natural gas will run out over the next 100 a methane
years. This means that we will have to use more biofuels. b cabon

* Is it cheap? The price depends on many things: how easy it is ¢ hudioner
to extract and transport, how available the fuel is and politics. yarogen.

* Is it easy and safe to transport? Many fuels are flammable so 3 State three characteristics of a
care has to be taken when transporting them and using them./ good fuel. /
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Describe the separation of
petroleum into different
fractions by fractional
distillation

Name some uses of these
fractions

_4

Petroleum undergoes fractional distillation in

an oi

| refinery

DID YOU KNOW?

One quarter of the world’s

petroleum comes from Saudi

Arabia.
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In an oil refinery the mixture of hydrocarbons in petroleum is
separated into smaller groups. Each of these groups with a limited
range of carbon atoms is called a fraction. For example, the gasoline
fraction contains hydrocarbons with about five to ten carbon atoms.

The hydrocarbon fractions are separated by fractional
distillation. We sometimes call this fractionation. Fractional
distillation separates the hydrocarbons using the difference in their
boiling points. Larger hydrocarbans have higher boiling points
than smaller hydrocarbons.

The petroleum is first heated so that all the hydrocarbons are

present as gases. The petroleum is then fed into a tall tower called a
fractionating column. The column is kept hot at the bottom (about
350 °C) but it is cooler at the top. So there is a range of temperatures
in the column.

Near the bottom of the column those hydrocarbons with higher
boiling points condense. Hydrocarbons with lower boiling points
are still gases. These move further up the column. As they move up
the column, each hydrocarbon condenses at the point where the
temperature in the column falls just below the boiling point of the
hydrocarbon.

i
PS040

_N=" | 350°C
_ Lighter hydrocarbons with lower boiling points move further up the

fractionating column

Hydrocarbons with similar boiling points are collected as fractions.
Some of the hydrocarbons do not condense. They come off as
gases at the top of the column. These are the refinery gases such as
methane, ethane, propane and butane. In many oil refineries these
are remaved from the petroleum before fractionation.

The useful fractions

Fractional distillation separates petroleum into different fractions with
a range of boiling points. Each fraction has a particular use.



under 40°C
Refinery gas — bottled
as gas for heating ST
and cooking E = uby Tip

" You do not have +p

Fractionatin
et ; remember the boil;
column 40-100°C € botling

— 5
J |_' |_ Gasoline — fuel for cars (petrol) range or typical nuncber
D'F carbomn atomis Lin each
L ) fraction. But you do
L| 80-180°C have to know the wses

I LI |_ | Naphtha — making chemicals, each fraction and where
i they condense i the

espedially plastics
o i actionat]
i M fr ting column.,
i 160-250°C

| Kerosene (paraffin) — - .
fuel for jet aircraft
and heating

250-300°C

Diesel oil (light gas-oil)
Pelrgleu_rln — fuel for lorries and
(crude oil) tractors
—
350-500°C

Fuel oil (heavy gas-oil) — fuel for power
stations, ships and home heating

LS

Lubricating oil —
lubricants, waxes
and polishes

Furnace

Bitumen — making
road surfaces and

e ((Kev ponTs |

2| The fractions from petroleum distillation and their uses ;
1 Petroleum is separated
into different fractions by

SUMMARY QUESTIONS fractional distillation.

: 2 Each fraction has
1 Copy and complete using the words below: e
py P 9 ) ) hydrocarbons with similar
boiling condense fractionating boiling points.
fractions higher hydrocarbons
3 4 3 The hydrocarbons in

Petroleum is separated into different in an oil refinery. petroleum are separated by
Each fraction is a group of with similar points, The fractional distillation because
hydrocarbon molecules move up the tower. Hydrocarbons of the difference in their
with boiling points lower in the tower. boiling points.

2 Draw a flow diagram to show the main stages in the fractional 4 Each fraction obtained from
distillation of petroleum. petroleum has a particular

3 Give one use for each of these fractions: Lt /
a fuel oil b kerosene ¢ naphtha.




SUMMARY QUESTIONS

1 Match each petroleum fraction on the left
with their use on the right.

naphtha fuel for diesel engines
bitumen jet fuel

light gas-oil surfacing roads
kerosene making chemicals

2 Copy and complete using the words from the
list below.

alkanes alkenes ethane

homologous

alcohols
functional

Methaneand  belongtothe  series
called the . A homologous series is a
family of similar compounds with the same
_____group. For example,  always have
the ~OH functional group and  have the
C=C functional group.

3 Put the following fractions in order of
decreasing boiling point:

bitumen; fuel oil; kerosene; naphtha;
refinery gas.

4 Match each word on the left with its
description on the right.

a group of molecules with a

Methane similar range of boiling points

zoal a thick liguid mixture of
hydrocarbons

U - a solid fuel that often contains

P sulfur

Fraction the main constituent of
natural gas

hydrogen a gaseous fuel that forms

only water when it burns

5 Write the formula of the functional group
present in:

(a) alcohols
(c) alkanes

(b) alkenes

Supplement

(d) carboxylic acids.

6 (a) What do you understand by the term
isomer?

(b) Draw two isomers of:
(i) an alkane having 5 carbon atoms
(ii) an alkene having 4 carbon atoms
(iii) an alcohol having 4 carbon atoms.

7 State three general characteristics of a

homologous series.
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PRACTICE QUESTIONS

1 Which one of the following molecules is an

alkene:
A CH,COOH B CH,CH=CH,
C CH,CH,CH, D CH,CH,CH,0H
(Paper 1)

2 Which one of these statements is a correct
description of a homologous series?

A There is trend in chemical properties as the
number of carbon atoms increases.

B As the number of carbon atoms increases
by one, the number of hydrogen atoms
also increases by one,

C Each member of the same homologous
series has the same molecular formula.

D The physical properties change in a regular
manner as the number of carbon atoms
Increases.

(Paper 2)

3 Petroleum is a mixture of hydrocarbons which
are separated into different fractions by
fractional distillation.

(a) What do you understand by the terms
(i) fraction
(ii) hydrocarbon? (2]
(b) Explain how fractional distillation separates
hydrocarbons into different fractions.  [3]
(c) Kerosene is a fraction obtained from the
distillation of petroleum.
(i) State one use of kerosene. [1]
(i) Name two other petroleum fractions.
For each of these fractions give one
use. 4]
(d) Copy and complete the following sentences
about petroleum fractionation using words
from the list. (Not all words are used.)

condense evaporate fractions

mass higher longer lower shorter
Hydrocarbon higher in the
distillation column have

hydrocarbon chains and relative

molecular than hydrocarbons lower
in the column. The fractions with higher
boiling points lower in the column.

{5/
(Paper 3)



4 When fuels burn they release energy.

(a) What is the name given to a chemical
reaction that releases heat energy? [1]

(b) (i) State the name of:
(1) a gaseous fuel
(2) a liquid fuel
(3) a solid fuel. [3]
(i) For each fuel that you have chosen
in part (i), state one disadvantage of
that fuel. (3]
(c) Many fuels are alkanes.

(i) What do you understand by the term

alkane? [1]
(ii) Write the molecular formula for
ethane. [1]

(iii) Draw the full structural formula for
methane, showing all atoms and
honds. [1]

(d) The alkanes are a homolagous series of
compounds. What do you understand by

the term homologous series? [1]
(Paper 3)
5 The diagram shows four organic compounds.
' |
H—C—CI—H H—C—0—H
| |
H H H
A B
H
H H | //O
C=C H —C—C\
| -
H H H 0—H
C D
(a) Which two of these compounds are
hydrocarbons? [1]
(b) Which compound is an alkene? [1]
() Which compound is an alcohol? [1]
(d) Name compound D. [1]
(e) Write the molecular formula for
compound B. [1]

(f) Write the full structural formula for
another member of the same homalogous
series as compound A. [1]

(g) Write the formula for the functional
groups present in (i) compound B
(ii) compound D. [2]

(Paper 3)

6 The diagram shows a fractionation column for
the separation of petroleum fractions.

r/]

D = Gasoline

== Kerosene

it

== ubricating oil

¢

(a) What do you understand by the term

petroleum? [2]
(b) Where in the diagram, A, B, Cor D, is the
temperature lowest? [1]
(c) Where in the diagram is the petroleum
turned to vapour. [1]
(d) Which fraction labelled in the diagram has
the lowest boiling point? [1]

(e) State the name of two other fractions that
are not shown on the diagram. For each
of these fractions state (i) where they
condense in the column and (ii) a use of
the fraction. [4]

(Paper 3)

7 The alkanes and the alcohols are both
homologous series.

(a) What do you understand by the term

homologous series? [1]
(b) Write the general formula for the alcohol
homologous series. [1]

(c) Write the molecular formula for the
fifth and sixth members of the alkane
homologous series. [2]
(d) (i) Draw the full structural formula for
butanol, showing all atoms and
bonds. [1]
(ii) Draw the structure of another isomer
of butanol. [1]

(iii) What do you understand by the term
isomer? (1]

(Paper 4)



18 The variety of organic chemicals

* Describe the properties of
alkanes

* Describe the bonding in
alkanes

e Describe the reaction of
alkanes with chlarine

Supplement

Candles are made from alkanes

DID YOU KNOW?

Female sand bees attract

male sand bees by giving off
a 'scent’ made up of three
alkanes.
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Alkanes are hydrocarbons which have only single covalent bonds in
their structure. We call them saturated hydrocarbons because no
more atoms can be added to their molecules.

Physical properties of the alkanes

All alkanes are colourless gases, liquids or solids. The first four members
of the alkane homologous series are gases at room temperature and
pressure. Alkanes with 5 to 17 carbon atoms in their chains are liquids.
Alkanes with more than 17 carbon atoms in their chains are solids.

The boiling points of the alkanes vary in a regular way:.

-
o 100
'g 504
=8
=
2 504
._]0-0_
—150+
1 ] 1 I I |
1 2 3 4 5 6
Number of carbon atoms
in chain

| The boiling points of the alkanes vary in a regular way

You can see that as the carbon chain gets longer, the boiling points
of the alkanes increase. The difference in the boiling point from one
alkane to the next also gets smaller as the number of carbon atoms
increases. You can predict the boiling point of other alkanes by
following this trend. For example, using the graph, you might predict
the boiling point of heptane (which has 7 carbon atoms in its chain)
to be about 96-99 °C. The actual boiling point is 98 °C.

Chemical properties of the alkanes

Alkanes are generally unreactive compounds. They do not react
with acids or alkalis. But they do burn and undergo a few reactions
under special conditions. Alkanes burn with a clean blue flame if
there is plenty of oxygen or air present. We describe this reaction as
complete combustion. Carbon dioxide and water are formed:

CHy @ + 50,90 —> 3CO,(g) + 4H,0()

propane  +  oxygen —> carbon + water
dioxide




Supplement

If there is not enough oxygen present, combustion is incomplete.
Carbon monoxide is formed and perhaps even soot (carbon particles).

2CH(g + 70,(g) —> 6C0(g + 8H,0()

propane f oxygen — carbon b water
monoxide

CHy@ + 20,99 — 3Cs) + 4H,00)

propane  +  oxygen ——> carbon + water
(soot)

The reaction of alkanes with chlorine

One chemical that alkanes will react with is chlorine — but only under
certain conditions. Alkanes do not react with chlorine in the dark.
However, if we mix chlorine with an alkane in a sealed tube and keep
it in bright sunlight, the green colour of the chlorine disappears.

A reaction has occurred. This is a photochemical reaction

(see Topic 8.6). A chlorine atom replaces a hydrogen atom in the
alkane. We call this type of reaction a substitution reaction.

STUDY Tip

You will be expecten

to be able tp balawnce
symbol equations for the
combustion of alkanes.
Rewember to balamee the
oxygen.

~

1 The alkanes show trends in
their physical properties.

2 Alkanes are generally
unreactive except for burning.

3 Alkanes do not react with
chlorine in the dark but they
do in the presence of light.

(3) G
light
- — o+ ?)—Q
{H (D) H) H
® h
Methane Chlorine Chloromethane Hydrogen chloride
kr,'&ﬁ‘gf‘&%[ ot ;! In sunlight, a chlorine atom replaces (substitutes) a hydrogen atom
in methane
light
CH,(g) + d,(g9) —— CH, (@ + Hd(g)
methane + chlorine ——=  chloromethane hydrogen
chloride

You will notice that the acidic gas hydragen chloride is produced.
This turns damp blue litmus paper red.

If we use excess chlorine we can substitute more hydrogen atoms:
CHC + d, HCl
CH,Cl, HCl

—> CH,CL,
£
+ d, — cHd, +

If enough chlorine is present all four hydrogen atoms can be replaced
by chlorine atoms.

We can carry out similar reactions with other alkanes and ather halogens:

ight

CH, + O, == CHO + Hd
light

CH, + B, ——» CHBr + HBr

Juawa|ddng

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

butane ethane
gases hydrocarbons
single unreactive

Alkanes are having only

covalent bonds. They
are apart from burning.
Methane, , propane
and  are  atroom
temperature.

2 Describe how the boiling
points of the straight-
chained alkanes vary with
temperature.

3 Write a balanced equation for
the reaction of chlorine with
propane in light to form the
compound C.H_CL..

yusawajddng
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* Describe the manufacture of

alkenes and of hydrogen by
cracking

%

307 M supply from refinery

404 [ Demand from customers

304

204

104

L & To ¥ = == v
ge =5 3 & = 3
= 25 38 = e
-7 m% = = o
= SC .':Z’ [==

_ Supply of and demand for

petroleum fractions

STUDY TIp

When, desorf.bing
eracking You must
state that () large
hgdrocarbon. molecules
are broken down, top
smaller ones (if) amgd
a!',ke,ems (tit) using a
high temperature and
(iv) a catalyst.

- e

All the fractions we get from the distillation of petroleum are useful.
But some are more useful than others — there is a greater demand for
them. We use more gasoline (petrol) and diesel than can be supplied
by the fractional distillation of petroleum.

Qil companies solve this problem by breaking down larger
hydrocarbons into smaller, more useful hydrocarbons. This is called
cracking. Cracking is the thermal decomposition of alkanes.

A catalyst is often used. Longer-chained alkanes are cracked to form a
mixture of shorter-chained alkanes and alkenes. For example:

heat :
C'IUHE‘? (;a[aiyst CSHh? * CE‘HG + C3H6

decane pentane ethene propene

From the cracking, we not only get shorter-chained alkanes which
are useful for petrol, we also get alkenes. Alkenes are very useful for
making a variety of chemicals including plastics.

PRACTICAL

Cracking an alkane

Delivery tube Gaseous
product

Ceramic wool Heat
spaked in Aluminium oxide

medidnal granules (catalyst)
paraffin

Water

_ Aluminium oxide catalyses the cracking of alkanes

1 You can use medicinal paraffin as your alkane. You heat the
aluminium oxide catalyst strongly and then heat the paraffin. The
paraffin vapour passes over the aluminium oxide which is kept hot.

2 You collect the gases from the cracking in the test tube. You
can tell if the gas contains alkenes by carrying out the bromine

water test (see Topic 18.3). J

Hydrogen can also be produced by cracking:
CH, —> CH, + H,
ethane ethene hydragen

Cracking petroleum fractions on a large scale

Cracking is often carried out on a large scale using a catalyst.

The huge tank where this takes place is called a catalytic (cat) cracker.
The vapour from the gas-oil or kerosene fractions is passed through
a catalyst of silicon(IV) oxide and aluminium oxide at 400-500 °C.



The catalyst is a fine powder which has to be continuously recycled to
the cat cracker though a regenerator tank. This frees the catalyst from
any carbon deposited on its surface.

Cracked, shorter-chained

L alkanes and alkenes

|- +.=. - |-Reactor
(cat cracker)

Dirty
catalyst

=

Powdered
| catalyst

Catalyst
regenerator
Clean
catalyst

Long-chained
alkanes

\_Figure 18.2.3 How a catalytic cracker works

The longer-chained alkanes in the gas-oil or kerosene fractions which
are less useful are broken down to shorter-chained hydrocarbons:

* The shorter-chained alkanes are used for petrol and very small
alkanes are used for fuel (liquid petroleum gases — LPG).

* The alkenes can be used to make a wide variety of chemicals,
including plastics.

* Hydrogen may also be formed which can be used for making
ammonia or as a fuel.

Catalytic cracking is not the only type of cracking. Long-chained
alkanes can be cracked at a high temperature without a catalyst.
A temperature between 450 °C and 800 °C is used. This type of
cracking produces a greater percentage of alkenes.

SUMMARY QUESTIONS

1 Copy and complete using the words below:

alkanes alkenes aluminium catalyst high long

We break down -chained alkanes into shorter-chained
and by cracking them. We carry out cracking at a
temperature using an oxide

2 Complete the equations describing a cracking reaction:
decane ————> octane +
(EIE|

_
10 22 CBHIS + —_—

3 Why is cracking an important process in an oil refinery?

y

T ; ? ' it
A cat cracker like this one is used to split
long-chain hydrocarbons into shorter-chain
hydrocarbons and alkenes

DID YOU KNOW?

Thermal cracking was invented

by the Russian engineer
Vladimir Shukov in 1891.

|

A

1 The demand for some
petroleum fractions is greater
than the supply.

2 Cracking is used to break
long-chained alkanes to
shorter-chained alkanes and
alkenes.

3 Cracking is carried out using
a high temperature and a
catalyst.

4
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* Distinguish between
saturated and unsaturated
hydrocarbons from molecular
structures and reaction with
aqueous bromine

* Describe the addition
reactions of alkenes with
bromine, steam and hydrogen

Supplement

Butter contains many saturated fat molecules
but vegetable cils contain a higher amount
of unsaturated compounds

STUDY TIP

Tne test for an alkene ic
that it turne aqueous
bromine colourless. o
wot use the word “clegy to
mean colourlese. Aqueous
bromiine stays the same
Yellow or oerange colowr
when an alkane is added,
A common error is to write

#

i no observatione’.

The alkenes are a homalogous series of hydrocarbons whose names
end in -ene. We call them unsaturated hydrocarbons because they
have a C=C double bond. They do not have the maximum number
of hydrogen atoms around each carbon atom — more atoms can bhe
added to their molecules.

We can test to see if a hydrocarbon is unsaturated by using agqueous
bromine (bromine water).

PRACTICAL

Is this compound saturated or unsaturated?

1 You take a test tube of the gas or liquid you want to test, for
example the gas collected from an experiment on cracking.

2 You add a few drops of bromine water and shake the tube.
Then you observe the colour of the liquid in the tube.

_ Bromine water is decolourised

by unsaturated compounds

o4

Bromine water is yellow/orange in colour. If the bromine water is
decolourised, the hydrocarbon is unsaturated. All alkenes decolourise
bromine water. If the bromine water remains the same yellow or
orange colour, the hydrocarbon is saturated.

Ethene, propene and butene are the first three compounds in the
alkene homologous series. These three alkenes are all colourless
gases. These are their structural formulae:

H\C C/H H E E C/H H CtTI E (T C/H

H H ! H L H
H H H

ethene, CH, propene, C.H, butene, C,H,



Supplement

Chemical properties of the alkenes
Combustion
The complete combustion of alkenes produces carbon dioxide and water:

CH,(@ + 30, —> 2C0,(g + 2H,0(g)

ethene | oxygen  —> carbon dioxide 4 water

Addition reactions

Many of the reactions of alkenes are called addition reactions.
In an addition reaction, two reactants add together to form only one
product. Here are three examples.

1. The reaction of alkenes with bromine:

CH, + Br, —> CH,Br,
ethene bromine 1,2-dibromoethane
Br Br
H\C C/H Br—B -
— _|_ o _} R o it
P % r—Br H—={=(=—H

|
H & H H
You can see that the bromine has added across the double bond.
Bromine does not react with saturated compounds because they do
not have a double bond to ‘open out’.

2. Hydrogen reacts with alkenes to form alkanes.

This addition reaction is also called a hydrogenation reaction. It can

also be classed as a reduction reaction — one of the simple definitions of

reduction is ‘the addition of hydrogen to a compound’ (see Topic 9.3).

The reaction is carried out at 60°C in the presence of a nickel catalyst.
ickel/60 °C

A nickey CJHﬁ

ethane

CH, + H

ethene hydrogen

This type of reaction is used to make margarine from unsaturated
vegetable oils. The hydrogen reacts with the oil when it passes over
the nickel catalyst at about 60 °C. Only some of the double bonds
in the vegetable oil are changed to single bonds. This is encugh to
‘harden’ the oil and make it into solid margarine.

3. Steam reacts with alkenes to form alcohols.

A high temperature (about 300 °C) and high pressure (70 atmospheres)
are needed for this reaction. The steam is passed over a catalyst of
concentrated phosphoric acid, H.PO,. This method gives a good yield of
alcohol. Ethanol of high purity is made by this method.

H,PO,
CH, + HO ——> CH,OH
ethene steam ethanol
H O—H
B A W B ||
SEEL A 0 dgp N~ E—H
|, -1
H H b H

DID YOU KNOW?

A ripe banana put amongst

some green tomatoes will help
them ripen. The bananas give off
ethene gas which ripens fruit.

1 Unsaturated hydrocarbons
decolourise bromine water
but saturated hydrocarbons
do not.

2 Alkenes have a (=C double

bond.

3 Alkenes undergo addition
reactions with bromine,
hydrogen and steam.

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

bromine colourless
hydrocarbon orange
remains saturated

shaken

We can test whether a
is unsaturated or by
shaking it with water.
An unsaturated hydrocarbon
turns bromine water
. The bromine water
yellow/orange when
with a saturated
hydrocarbon.

2 How can you tell the
difference between the two
colourless hydrocarbons
CH,CH=CH, and CH,CH,CH_?

3 Describe the addition reactions
of alkenes with bromine,
hydrogen and steam.
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* Describe the formation of
ethanol by fermentation and
by the addition of steam to
ethene

¢ Describe the uses of ethanol

* Name and draw the
structures of alcohols with up
to four carbon atoms

¢ Describe how to make
ethanoic acid

Ethanol is a good sclvent for perfumes

STUDY TIp

When writing a

sywbol equation for

the combustion, of an
aleohol, when, You
balamce the oxYygen,
remember that the aleohol
contarmg oxygewn too.

DID YOU KNOW?
The word alcohol first came

into the English language in
1543 from the Arabic word
‘al-ghul’.

The alcohols are a homologous series having —OH as the functional
group. Their names all end with -ol. Ethanol is:

H H
||

C?HEOH H—C—CG—0—H
- formula | |
H H

Ethanol is a colourless liquid that boils at about 78 °C. It is miscible,
meaning it mixes with water.

molecular full structural
formula

Ethanol can be manufactured from:

* ethene - by reacting steam and ethene at high pressure and
temperature using a phosphoric acid catalyst (see Topic 18.3)

* glucose — by fermentation (see Topic 20.3).

Ethanol burns with a clean blue flame in excess air to form carbon
dioxide and water:

CHOH + 30, —» 2CO, + 3H,0

The uses of ethanol
Ethanol has many uses:

* As a solvent: ethanol is used in perfumes and other cosmetics, in
printing inks and in glues.

* As a fuel: ethanol can be mixed with petrol or used alone as a fuel
for cars. It is less polluting than petrol and reduces the reliance on
petrol and diesel.

* It is used to make other chemicals such as esters which are used in
food flavourings and in many cosmetics.

* |n some cultures the ethanol produced by fermentation is used for
making alcoholic drinks. Excessive drinking of alcohol, however, leads
to aggressive behaviour, depression and causes other medical problems.

More about the structure of alcohols

The general formula for alcohols is C H, _ OH. The formulae for the
first four alcohols in this homologous series are:

i T (N P
H—C—0—H H—C—C—0Q—H H—C—C—({—0—H H—C—C—C—C—0O—H

| i1 A O ol

H H H H H H H H i H
CH,OH C,H.OH C,H,OH C,H,OH
methanol ethanol propan-1-ol butan-1-ol

The number in the formula is used so that you can distinguish
between different isomers of the alcohols. The numbers are not
needed for methanol and ethanol though.
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(c) (i) Copy and complete the equation for
cracking octane:
CH, —> CH,+ [1]
(ii) State the name of the compound CH,
and draw its full structural formula. [2]
(d) What conditions are used for cracking in
industry? 2]

(e) Octane is a saturated hydrocarbon. What
do you understand by the terms
(i) saturated and (ii) hydrocarbon? [2]

(Paper 3)
4 Ethene is an unsaturated hydrocarbon
whereas ethane is a saturated hydrocarbon.
(a) Describe how you can distinguish between
ethene and ethane using a chemical test.
(3]
(b) Draw the full structural formula for ethane.
[1]
(c) Ethene reacts with steam to form ethanol.
(i) What conditions are needed to carry

out this reaction? [2]
(ii) Describe another method for making
ethanol. [2]

(d) Copy and complete the equation for the
complete combustion of ethanaol:

C,H.OH 0, — _ CO,+ __HO [3]
(e) Describe how you can compare the energy

given out by the combustion of two
different alcohols. [3]

(Paper 3)

5 Ethanoic acid, CH,COOH, is a typical weak acid.

(a) Draw the full structural formula for
ethanoic acid. [2]

(b) Describe two ways in which ethanoic acid
differs from a strong acid such as sulfuric
acid. [2]

(c) Write balanced equations for the reaction
of ethanoic acid with (i) magnesium and
(ii) sodium carbonate. [4]

(d) Ethanoic acid can be made in the
laboratory by the oxidation of ethanol with
potassium dichromate.

(i) Name another oxidising agent that
can be used to oxidise ethanol. [1]

(ii) What conditions are required for this
oxidation? [2]

(iii) Write a symbol equation for this
reaction. Use [Q] to represent the
oxidising agent. [2]

(Paper 4)
6 Alkanes and alkenes are both hydrocarbons.
(a) (i) Draw the full structural formula for an
alkene with four carbon atoms. [1]

(ii) Draw the full structural formula for
an isomer of the alkene you drew in
part (i). [1]
(b) Both alkenes and alkanes react with
halogens.

(i) What essential condition is required
for an alkane to react with chlorine?

[1]
(ii) What type of chemical reaction is
this? [1]
(c) (i) Write an equation to show the
reaction of bromine with ethene. [2]

(ii) What observations are made during

this reaction? [2]
(iii) What type of chemical reaction is
this? [1]

(d) Alkenes react with steam to form alcohols.
(i) What conditions are needed for this
reaction? [2]
(ii) Write an equation to show the
reaction of propene with steam.  [2]

(Paper 4)

7 Methane, methanol and methanoic acid each
have one carbon atom.

(a) Write the full structural formula for
(i) methanol and (ii) methanoic acid. (2]

(b) Copy and complete the following
sentences using suitable chemical terms:

Methane is generally except for
~_and reaction with chlorine. In the
presence of and light methane
undergoes a reaction. [4]

(c) Methanoic acid reacts with ethanol to
form an ester.

(i) What conditions are needed for this

reaction? [1]
(ii) Draw the structure of the ester
formed in this reaction. [1]
(Paper 4)
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Plastics: good or bad?

Plastics are particular types of polymers that can be moulded.
The word plastic simply means something that can have its shape
changed. Plastics have a wide range of uses:

* Poly(ethene) for bowls, buckets, dusthins and plastic bags

* Poly(propene) for milk crates and ropes

* Poly(chloroethene) (polyvinyl chloride, PVC) for insulation around
electrical wires and for rainwater pipes and gutters

* Nylon for ropes, clothes and fishing nets

« Terylene for clothing.

But there is a down side to plastics. Many are non-biodegradable.
This means that they are not broken down in the soil or water by
micro-organisms when we throw them away. They just build up and
cause a mess. If plastics get into drains they can block them and cause
flooding. Plastics can kill wildlife by trapping small animals or blocking
the digestive systems of animals and birds that eat the plastic along
with their normal food. So how can we deal with unwanted plastics?

« Put them into landfill (waste) sites. These fill up very quickly and use
up land that could be used for agriculture or housing.

* Burn them — we can use the heat produced to provide electricity
or heating. But many plastics produce poisonous gases when they
burn. PVC produces acidic hydrogen chloride. Plastics containing
nitrogen may produce toxic hydrogen cyanide. Many plastics when
burned at high temperatures also produce poisonous compounds
called dioxins. It is very expensive to put filters on the furnaces used
to burn plastics so this is rarely done.

* Recycling — some plastics can be melted and then moulded to make
new articles. Not all plastics can be recycled. The ones that can be
recycled have to be sorted out, which takes time and money.

* Cracking — some plastics can be melted, then cracked and then
re-polymerised to make new articles.

Over the last few years more plastics have been made that break
down in the environment, but the numbers of these are still small
compared with non-biodegradable plastics,

SUMMARY QUESTIONS

1 Copy and complete using the words below:

addition ethene molecules monomer polymer

Small molecules such as _can join together by
polymerisation. We give the name to the small
that join together to form a

2 State two problems that arise from the disposal of plastics.

3 State one use for each of these polymers:
a poly(ethene)

b poly(vinyl chloride)
¢ nylon.

STUDY TIP

Whew plastics aye
bm:wed, PoLsonowus oy
toxle gases are given
off - not just harmfil
’gases' A covimpn Error
Ls to suggest that sulfur
dioxide is given o
whewn plastics by, Few
plastics contain sulfur,

1 Polymers are large molecules
built up from small units
(monomers).

2 In addition polymerisation the
double bond between the
carbon atoms changes to a
single bond and the monomer
molecules join together.

3 Nylon is used to make ropes
and poly(ethene) is used to
make bowls and plastic bags.

4 Each method of disposing of a
plastic has its disadvantages.

4
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Supplement

* Deduce the structure of a
polymer from a given alkene

* Deduce the structure of
a monomer from a given
addition polymer

We make lots of everyday articles from
addition polymers

DID YOU KNOW?

Poly(ethene) was discovered by
accident. When the apparatus
for an experiment on ethene
leaked, a white solid was
found, which had the empirical

formula CH,.

We can make many different types of addition polymers.
Poly(propene), paly(phenylethene) and poly(chloroethene) are just three
examples. Can you see how easy it is to name an addition polymer?
You simply put the name of the monomer inside the brackets and put
‘poly'in front.

However, some polymers are often called by their common names,
s0 it is not always easy to deduce the structure from the name of
the monomer. For example poly(tetrafluoroethene), which is used for
nan-stick pans, is commonly called ‘teflon’.

From monomer to polymer

Propene is an alkene. The polymer formed from propene is called
poly(propene). So how do we write the formula for a polymer when
we are given the formula of the monomer?

One way of doing this is to show several repeating units:

* Write down the formulae for the number of monomer units you
want, but change each double bond to a single bond.

* Draw single honds between the monomer units.

* Put ‘continuation bonds' at either end of the chain to show that
the chain carries on in the same way.

y I I R B I
=0 e < e —r =
HH HH HH H HHHHH

Three monomer units join to form part of a poly(propene) chain

We can also write the structure of the polymer much more simply:

* Draw the structure of the monomer but change the double bond
to a single bond.

* Put ‘continuation bonds' at either end of the ‘molecule’.

* Put square brackets through the continuation bonds.

* Put an 'n’ at the bottom right-hand corner. This means that the
unit repeats itself n times.

[
" TS
H H

n

_ The repeating unit for poly(propene) from a large number (n) of

propene monomers
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Here is another example:

juawalddng

Fﬁ C|| 'T C|| STUDY TIP
n (|:=(|: —> CI—(|: When writiing the
HH H o] formula for an addition
"PDLS mer don't 'FOI’Q.‘.',L’: (L)
\Figure 19.2.3  Poly(chloroethene) from chloroethene wnelude the continuation
bonds and (it) the double
bond changes to g single
From polymer to monomer bownd,
You can find the structure of the monomer from a diagram of the ".

polymer:
* |dentify the repeating unit in the polymer and draw this.
* Ignore the brackets, the continuation bonds and the ‘n’.

* Make the single bond between the carbon atoms in the chain of
the polymer into a double bond.

c|ﬁH51|4 i CeHs H | C|E,H5ll-é f;f:II.i :-|I
ST T
H H:*H H:H H | H |5
Poly(phenylethene)
N CeHs H 4
| |
C=C
I | Phenylethene
H H monomer

@ Deducing the monomer of poly(phenylethene)

SUMMARY QUESTIONS

1 Name the polymers formed from these monomers:

1 We can draw the structure

a butene of an addition polymer by
b fluoroethene joining several monomer units
¢ ethenyl ethanoate. and changing the double

2 Draw part of the chain of poly(propene) to show three soss el it

repeating units. 2 We can draw a shorthand
structure for a polymer by

3 Deduce the structure of the monomer that forms this polymer: ) M
placing one unit in square

E E brackets with continuation
. bonds.
(e &
L 3 We can deduce the structure
FFly of a monomer from a diagram
of a polymer by identifying the

repeating units.
J 4
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Supplement

* Understand the terms
polyamide and polyester

* Understand condensation
polymerisation

* Describe the formation of
nylon and terylene

* Distinguish between addition
polymers and condensation
polymers

J

DID YOU KNOW?

Nobody seems to know the
origin of the word ‘nylon’.
Some people think it is from
‘no run’ but others think it is
from New York and London,
where much of the research
into it was done.

-

Nylon is a useful fibre for making strings
and ropes

4

We make addition polymers by joining the monomers together to
make a long chain. No other substance is formed. However, many
polymers such as nylon and terylene are formed in a different way —
by condensation polymerisation.

In condensation polymerisation, the monomers react together to
form the polymer and another product. The other product is usually
a small molecule such as water or hydrogen chloride. We say that the
small molecule is eliminated. Condensation polymerisation usually
involves two different monomers, each with a different functional
group. These groups react together to form the polymer.

Polyamides

Nylon is a typical polyamide. The two types of monomer that form a
polyamide are carboxylic acids and amines. An amine is a compound
with an —NH, functional group. A carboxylic acid reacts with an
amine to form an amide.

0 oM
CH3—£O—~H _____ +_HEN—CH; —> CHpi*gv—r\'J-%--CH; + H,0
H B
A carboxylic acd An amine Ar;ldelmkage
_ An amide linkage is formed when a carboxylic acid reacts with an

amine

This type of reaction, where two molecules join together and a small
molecule is eliminated, is called a condensation reaction.

We can represent the structures of the monomers that make a
polyamide like this:

HOOC — - COOH H,N -@ll»—NH,

A dicarbaxylic add A diamine

Simplified structures of a dicarboxylic acid and a diamine

You can see that each monomer has two functional groups. We
put the word di- in front of the names to show that there are two
of the same functional groups per monomer. Because each end of
the monomer has a reactive functional group, a long chain can be
formed.




Nylon:

Polyesters

Terylene is a typical polyester. The two types of monomer that form a
polyester are carboxylic acids and alcohols. An ester linkage is formed.

0] O
l I

T in
HO—C- - C— O HEB-OH + H,0
Ester linkage

g
O O 0] O %_
Monamers: HOP‘i”'—-—*g—OH + HN—@»-NH + HO~(¥—-—E—~OH + HN—@B—NH + etc %
l N v 2
O 0] 0 o]
—g—-—g_l—N—.—N—g—-—g—N—.—N—eac. + 3H;0
it it
3 fﬁ_ﬂ Nylon is formed from carboxylic acid groups reacting with amine groups
STUDY TipP

F m‘*’i‘m&] An ester link is formed when a carboxylic add reacts with an alcohol

We can represent the equation for polyester formation like this:

A Common ervor i,
wWriting formudlae
fﬂrpolgamiaﬁgg ang
polyesters whem each
Wononier has OM,{,H one
FUPC: of functional group
Ls to write all the

© o

groups L the same

direction.

70 P
Monomerss HO—C-ll-C—OH + HO-E-OH + HO—C-m-C—OH +
l P P
Polyester —C-lll-C—O-ll-0—C- - C—O-l-0— + 3H,0

H Ol OH

3 ﬂ| Terylene is formed from carboxylic acid groups reacting with alcohol groups

SUMMARY QUESTIONS

1 Copy and complete using the words below:

condensation diamines eliminated
monomers polyamide

Nylon is made by polymerisation. The are Hoes
dicarboxylic acids and . These react to form a A an amide linkage I N
small molecule is i l_
2 Draw the structure of: H
a an amide linkage 3 PO'YQSYE'TIS hka‘-’e OI
: an ester linkage |
b an ester linkage. ) —C—0—

1 In a condensation reaction
the monomers join to form a
polymer and a small molecule
is eliminated.

2 Polyamides have 0

241




Supplement

SUMMARY QUESTIONS

1 Copy and complete using words from the list
below:

chains ethene join monomers
poly(ethene) polymer

At high temperature and pressure
molecules combine to form long of

. The long chain is called a . The
small molecules that to form the chain are
called

2 Match each word on the left with its
description on the right.

a reaction where compounds

monamer combine and a small molecule
is eliminated
i a molecule made by combinin
addition y 9
monomers
a simple molecule from which a
polymer

polymer is made

a reaction where two or more
condensation molecules combine to form
only one product

3 Match each polymer name on the left with its
monomer unit on the right.

poly(chloroethene) CH.CH=CH,
poly(phenylethene) CH,=CH,
poly(ethenyl ethanoate)  CH,CH=CH,
poly(propene) CH,=CHCl
poly(ethene) CH,COOCH=CH,

4 Write down one positive and one negative
argument for each of the following ways of
disposing of plastics:

(a) burning the plastics
(b) recycling the plastics
(c) putting the plastics into a landfill site.

5 Which of these compounds can undergo
addition polymerisation?

(a) CH,CH=CH,  (b) CH,CH,CH,
(c) CH,CH,COOH  (d) C_H.NH,
(e) C,H.CH=CH,

6 State one use for each of these polymers:
(a) poly(ethene) (b) poly(propene)

(c) nylon (d) terylene

7 Draw simplified diagrams of the monomers
used to make: (a) terylene (b) nylon.
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PRACTICE QUESTIONS

1 Which one of these statements about

poly(ethene) is true?

A Poly(ethene) is formed by the addition
polymerisation of ethane.

B Ethene monomers are used to make
paoly(ethene).

C Hydrogen is given off when poly(ethene) is
made.

D Poly(ethene) is made by condensation
polymerisation.

(Paper 1)

2 Which statement about the monomers W, X, Y

and Z used to make polymers is correct?

CH,=CH, HO—[]—OH
w X
HO,C—[]—COH  H,N—[]—NH,

: z
W and X polymerise to form an amide.
X and Y polymerise to form an ester.

N @ >

X and Z polymerise to form an amide.
D Y and Z polymerise to form an ester.
(Paper 2)

At high temperature and pressure, ethene
molecules combine to form a polymer.

(a) Draw the full structural formula of an
ethene molecule, [1]

(b) State the general name given to a small
molecule that combines to form a polymer.

1]
(c) Give the name of the polymer formed from
ethene molecules. 1]
(d) What type of polymerisation occurs when
ethene molecules are polymerised? {11
(e) What feature of ethene is responsible for
its ahility to polymerise? [1]
(f) Draw a section of the polymer formed
when ethene is polymerised. 2]

(Paper 3)

Poly(propene) is a macromolecule that is made

from propene monomers.

(a) What do you understand by the term
macromolecule? [1]

(b) What type of reaction occurs when
propene monomers combine to form
poly(propene)? [1]



(c) Draw the structure of poly(propene) to
show three repeating units. [2]

(d) Draw a simplified structure of poly(propene),
showing one unit, using the letter 'n’ to

show the repetition of this unit. 2]
(e) Give one use of poly(propene). [1]
(Paper 4)

5 A simplified structure of nylon is shown below,
O 0 O 0 O
Ll vl -

i

(a) Nylon is made by condensation
polymerisation. What do you understand
by the term condensation polymerisation?

2]

(b) State the name given to the link between
the monomer units in nylon. [1]

(c) Write the simplified formulae for the two
monomers used to make nylon. [2]
(d) Give one use of nylon. [1]

(e) A polymer similar to nylon is made from
two monomers having the structures
shown below:

HN—CH,—NH,
HOOC—CH,—COCH
(i) Draw the structure of this polymer to

show one unit, using the letter 'n" to
show the repetition of this unit. ~ [3]

(ii) State the name of the small molecule
eliminated when these two monomers
combine. [1]

(Paper 4)

6 Some polymers contain halogen atoms. The
structure of the polymer poly(dichloroethene)
is shown bhelow.

(a) What is the meaning of the letter ‘n'?  [1]

(b) (i) Draw the structure of the monomer
used to make this polymer. [2]

(ii) State the name of this monomer. [7]

(c) Poly(dichloroethene) is formed by addition
polymerisation. What do you understand
by the term addition polymerisation?  [1]

(d) The polymer ‘Teflon’ is obtained from the
monomer, tetrafluoroethene:

F\ /F

(i) State the chemical name of this polymer. (7]
(ii) Draw the structure of 'Teflon’ to show

three repeating units. [2]
(e) State one adverse effect of burning plastics
containing halogen atoms. (1]
(Paper 4)
7 Polymer A has the structure:
g 3 ¢ 3
—(I[.—le-i_.-,—tl‘—{)—CH;—L‘I!;—O—g—ﬂ'méI_,,—(l‘—D—CI--.)—(Ii;—O -

(a) What type of linkage is formed when the
monomers of this polymer combine? (1]
(b) (i) State the name of another polymer
with this type of linkage. {1]
(ii) State one use of the polymer you
suggested in part (i). [1]
(c) (i) Draw simplified structures of the two
monomers used to make polymer A. (2]
(ii) What type of polymerisation occurs
when polymer A is made? [1]
(Paperd)

8 The simplified structure of the monomers used
to make polymer B are shown below.
P
HO—C{-C—OH HO—-<O-0H

(a) Draw the structure of the polymer formed
when these two monomers combine. (3]

(b) (i) What type of linkage is present between
the monomer units in polymer B? 1]

(ii) State the name of a polymer that

contains this type of linkage. [1]
(iii) Give one use of the polymer you
suggested in part (ii). [1]
(Paper4)




20 Biological molecules

20.1

Large molecules in food

A e We need food to give us energy and to keep making_ new cells in
i : our body. The main classes of food molecules that give us energy are
;?rl%%r;ydrates eSCRRAIRERI carbohydrates and fats. Proteins are needed for growth and other
- essential functions. Proteins and some carbohydrates, for example
5 ° Describe the structure of starch, are macromolecules. Fats are large molecules which usually
g4 Proteins contain three ester linkages.
_& * Describe the hydrolysis of -
32 proteins to amino acids ZI The structure of protems
— | Proteins have the same amide linkage as nylon. But instead of being
E made from two different monomers, proteins are made up from
E STUDY TIp twgnty. These monomers are amino acids. The structures of three
- amino acids are shown below.
§ YDM. Sh?b{.l-d bﬂ ﬂbLﬂ to H H H
recogiise the repeating g k. o M 4 # P L oo
WALts Ln proteins as ' He L o—H H” | Yo-H W] “o-H
NHCOCH(R) and that - H—C—H H—C—H
this repeats along the O—H S—H
chatn. II Glycine Serine Cysteine

‘ . _ The structure of some amino acids
— All amino acids have the amine (—NH ) and carboxylic acid (—COOH)

groups in common. But the side chains in each of the 20 amino acids
| (ﬁ l? (]? are different. When proteins are made, an amide link is formed by the
—N— . — N — B —C— N— B —— | reaction of the amine group of one amino acid with the carboxylic acid

group of the next amino acid. This is an example of a condensation

" 0 reaction. Water is eliminated.
— Structure of a protein
i q (n ~.: ?
Hrl'd CH—C—OH 4 HiJ\I—C|H~—C—0H — HI‘IJ -(:_'I-Z-'ll--t:- rlq—_,LCIH—cuCIH £ H,0
H H H CH,—OH H H \ HY CH;—OH
{ mide nage |

_ Forming an amide link between two amino acids

We can simplify the structure of an amino acid even further and show
what happens when a protein is formed:

0] 8]
I Il 0] o] o]
H-NA-C-0oH © H—N-@-C—OH i i i

| Lo | — ~NJll-C-NAC—N-@-C—0— + water
H e 3 H | | |

(AR H H H

3!
Amino acids Part of a protein chain

_ When proteins are made, amino acid monomers form amide linkages with one another by condensation polymerisation




The order of the amino acids in the protein does not follow any
regular pattern.

From proteins to amino acids

In our bodies, proteins in our food are broken down to amino acids
with the help of hydrochloric acid in the stomach. Enzymes catalyse
this reaction. In the laboratory we can break down proteins to amino
acids by heating them with hydrochloric acid.

hydrochloric acid + heat
+  water >

protein amino acids

We call this a hydrolysis reaction. In a hydrolysis reaction, a
compound reacts with water and breaks down to form two or more
products. We often use acid or alkali to help the hydrolysis. If we use
acid we call the reaction ‘acid hydrolysis’.

/” DEMONSTRATION

Hydrolysing a protein
Water out
The protein is heated with
6 mol/dm? hydrochloric

acid for several hours. The
condenser is vertical to stop
the loss of hydrochloric acid
vapour. At the end of the
experiment, you neutralise
the excess hydrochlaric acid
with ammonia. Heat

Water in

Pratein and
hydrochloric acid

Muscle tissue in animals is mainly protein

DID YOU KNOW?

The hydrochloric acid in your
stomach has a pH between 1
and 2 to help unwind the food
proteins so the peptide bonds
can be hydrolysed.

Protein hydrolysis _/

When proteins are hydrolysed, the amide linkages are converted
to carboxylic acid and amine functional groups — the reverse of the
polymerisation reaction.

0
I
]—C—fﬁ{ + H,0 ——> J-C—OH H—FIJ—C
H H
Amide link in protein + water Amino acids

Hydrolysis of amide linkages in protein

You can use paper chromatography to identify the amino acids
formed by the hydrolysis of a protein.

SUMMARY QUESTIONS

1 Proteins and carbohydrates

1 State the names of the two functional groups in amino acids
that condense to form the amide linkages in proteins.

2 Explain why the formation of proteins from amino acids is a
condensation reaction.

3 Draw a flow chart to describe how you can identify which

2 Proteins have the same amide

3 Proteins can be hydrolysed to

amino acids are present in proteins.

are the constituents of food.

linkage as nylon but the
monomer units are different.

amino acids by heating with
hydrochloric acid.

4

juawa|ddng



e
=
U
£

i
=}
o
=

v

* Describe the formation of
complex carbohydrates by the
polymerisation of simple sugars

* Describe how chromatography
can be used to identify the

A glucose molecule for glucose

products of acid hydrolysis of
carbohydrates /
H
H—i—OH
c—0
H -
7% N\
NS /]
OH OH
- HO - OH
OH A simplified structure

_ A glucose molecule

DID YOU KNOW?

Scientists have found a way
to produce hydrogen from
cellulose. If this can be carried
out on a large scale, the
hydrogen could be used as a

fuel for transport. /

The word carbohydrate literally means carbon with water. So it is
no surprise that the empirical formula for a carbohydrate is
C,(H,0) . For example, the formula for glucose is C.H,,0,. But even
simple carbohydrates are quite complex molecules, for example
glucose. Fortunately we can simplify the structure of glucose to
show only those groups which react to form glucose polymers.

We give the name monosaccharides to simple sugars such as glucose:
mono means ‘one’ and saccharide means sugar.

We can join monosaccharide monomers together to make polymers
called polysaccharides:

HO-EERGH; /RO -EHGH;
\HO-EEH0H. HO-IEEHOH

N

-O-- OOl Ol-0- + 3H,0
_ The monosaccharide monomers jein to form a polysaccharide

You can see that this is a condensation polymerisation. The
monosaccharide monomers have joined together and water has been
eliminated. The linkage in these sugar polymers is called a glycosidic
linkage. The general farmula for a polysaccharide made from glucose
is (C;H,,0,), — glucose with water removed.

Two common sugar polymers found in plants are starch and cellulose:

« Starch is found in rice, pasta and potatoes. It provides us with
most of the carbohydrate in our diet. Starch is made of glucose
monomers arranged either in long chains or in branched chains.

* Cellulose is found in the cell walls of plants. It is also a polymer of
glucose. But the glucose molecules are arranged in a different way.
We can't digest cellulose but cows and sheep can!

The hydrolysis of carbohydrates

When we heat polysaccharides with hydrochloric acid they are
hydrolysed to simple sugars. For example: starch is hydrolysed to glucose.

hydrochlonc acid, heat

starch + water > glucose
P ol HO

P T-0H

D g ol HO-=1-CH "
o] 0 —_— Ho-EE-0
’ A Heat
»° g no- & "
) HO--oH

— The hydrolysis of starch to glucose




When starch is hydrolysed the glycosidic linkages break and simple
sugars are formed. The hydrochloric acid acts as a catalyst in the
reaction. In our bodies, starch is hydrolysed to glucose using several
different enzymes.

juawalddng

Identifying hydrolysis products

The simple sugars formed by the hydrolysis of polysaccharides can
be identified using paper chromatography. Because sugars are
colourless, we have to use a locating agent so they show up on

a chromatogram. We spray the chromatogram with a mixture of
tin(IT) chloride and a chemical called N-phenylenediamine. We then
warm the chromatogram in an oven to develop the colour.

You cannot always identify a sugar or an amino acid from a
chromatogram by simple chromatography. This is because some
compounds have the same or similar R, values. We overcome this
by using two-dimensional chromatography: We carry out the
chromatogiaphy as usual. We allow the paperlto dry Fhen turn it L ——
through 90° and carry out chromatography using a different solvent. carbohydrate

Only then do we spray the chromatogram with a locating agent. The

diagram shows how we separate the three amino acids aspartic acid

(Asp), glutamic acid (Glu) and leucine (Leu) by this method.

STUDY TIp
x = Qrigin YOM do not need to
Rinow the Structiyre
ey - leu carbohydrates but it s
LM’PDYtaWt to IQV\-OW hDW
¢ Glu —Glu ydrolysis breaks down,
. - ] s complex carboh Ydrates
L. Sl | | using SLM‘pLﬂ-ﬁed
formw.i.ae‘
Run the chromatogram in Turn the paper 90° Run the chromatogram
solvent 1 in solvent 2
(butanolfethanoic acid/ (phenolfwater) then add
water mixture) locating agent

M Two-dimensional paper chromatography gives a better separation of
aming acids

1 Carbohydrates have the
general formula C (H,0), .

SUMMARY QUESTIONS 2 The monomers that form
complex carbohydrates

1 Copy and complete using the words below: can be represented by the
; _— formula HO——1—OH.
condensation eliminated glucose water
3 3 Complex carbohydrates can

Starch_ sa poly!'ner formed when molecules be hydrolysed to simple
combine. In this reaction molecules are . sugars by concentrated

2 Explain why the formation of starch from glucose is described hydrochloric acid.
as condensation polymerisation. 4 We can use paper

3 Draw a flow chart to describe how you can identify which chromatography to identify
sugars are present in a complex carbohydrate. / sugars. /
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¢ Describe enzymes as proteins
that act as biological
catalysts

* Describe the fermentation of
simple sugars

* Compare two methads
of producing ethanol:
fermentation and the
reaction of steam with

ethene

The sugar from this sugar cane can be
fermented to make ethanol

DID YOU KNOW?

Brazil is the world's largest
producer of ethanol — much of
it made from the fermentation
of sugar cane waste. Since
1977 all fuel for cars in Brazil
must contain at least 20%
ethanol.

4

Nearly all chemical reactions in living things are catalysed by
enzymes. Enzymes are particular types of protein that act as
biclogical catalysts. But unlike inorganic catalysts they are very
sensitive to changes in temperature. They work best between 30 °C
and 40 °C - at around body temperature. If the temperature is too
low they work much more slowly. If the temperature is too high
they lose their structure and don't work. We say they are denatured.
Most enzymes will not work above a temperature of about 50 °C,

Bacteria and yeasts produce enzymes that catalyse fermentation
reactions in organic materials. Fermentation is the breakdown of
organic material with effervescence (bubbles) and release of heat.
For thousands of years, ethanol has been made by fermentation.
Ethanol is an excellent solvent and a good fuel, as well as being an
important starting point for making other chemicals.

The fermentation of glucose

A wide range of vegetable material can be fermented. But the most
commonly used substances for making ethanol are sugars and

starch. The bacteria and yeast that cause fermentation are found on
the surface of many plants, as well as in the air. When we carry out
fermentation to produce ethanol, we use a particular form of yeast so
that unwanted reactions do not occur.

{ PRACTICAL

Fermenting sugars
1 You add moist yeast to the flask of warm glucose solution.

2 Then you shake the solution so that the yeast is suspended in
the solution.

3 You keep the flask warm for about 30 minutes without shaking.

4 Then you ‘pour’ the gas from the flask into a boiling tube
containing some limewater. The limewater turns milky.
This shows that carbon dioxide is a product of fermentation.

W

Cottan woal

Limewater

Glucose +
water + yeast

_ The fermentation of glucose by yeast




Supplement

The fermentation of glucose produces ethanol and carbon dioxide:

CH,0, —> 2CH.OH -

glucose —>

The reaction takes place in the absence of air

2€0,

carbon
dioxide

ethanol }

itis anaerobic.

The reaction will occur until about 14% ethanol is present in the
mixture. If the ethanol concentration gets much higher than this the
yeast will die. The ethanol is separated from the reaction mixture by

fractional distillation.

Comparing methods

We can produce ethanol by fermentation or by reaction of ethene with

steam. Each of these methods has advantages and disadvantages:

STUDY TIp

It is @ comumon ervor £o
gugges:t that oxygen

LS required for the
fermentation, of glueose
to ethawnol.

Ethanol from fermentation

Ethanol from ethene and steam

Simple method

More complex method

Needs a lot of very large tanks

Needs smaller-scale equipment
to produce the same amount of
ethanol

2 The fermentation of glucose

Uses a batch process: you

have to start again from the
beginning once you have
removed the solution in the tank

A continuous process: the
ethanol is removed continuously
and the ethene and steam

are fed into the apparatus
continuously

1 An enzyme is a biological
catalyst.

to carbon dioxide and ethanol
is catalysed by enzymes from
yeast.

Rate of reaction is slow

Rate of reaction is fast

3 The production of ethanol by

fermentation and hydration
has both advantages and
disadvantages.

Ethanol needs further
purification by distillation

Produces ethanol of high purity

_

Uses renewable resources

The ethene is made from a
non-renewable resource —
petroleum

Ethanol as a fuel

Ethanol can be made by fermentation using a variety of plant sources.

In Brazil, sugar cane waste is fermented to ethanol for use as a fuel
for cars. It is either mixed with petrol to form a fuel called gaschol
or used by itself. Ethanol is a cleaner fuel than petrol — it does not

produce as much pollution.

The ethanol made by fermentation comes from a renewable resource.
It is potentially ‘carbon neutral’: the carbon dioxide released into the
atmosphere by burning the ethanol is balanced hy the carbon dioxide

absorbed from the atmosphere by the sugar cane during photosynthesis.

SUMMARY QUESTIONS

1 Copy and complete using the
words below:

carbon catalyse
enzymes ethanol
ferments glucose yeast

When you leave a solution
of glucose with for a
few days it . The

is broken down to

and dioxide. The yeast
produces that

this reaction.

2 How do enzymes differ from

inorganic catalysts?

3 Give one advantage of
making ethanol:

a by fermentation
b from ethene and steam.

__
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Revision checklist

Unit 20 Biological molecules

| can:

name the main constituents of food as carbohydrates and proteins

describe in simple terms the structure of amino acids

describe in simple terms the structure of proteins, especially the amide linkage
describe the hy-drolysis of proteins to amino acids :

describe in simple terms the structure of complex carbohydrates

describe the hydrolysis of complex carbohydrates to simple sugars

| describe how chromatography is used to identify amino acids and simple sugars
describe enzymes as biological catalysts
describe how simple sugars are fermented to praduce ethanaol

describe the advantages and disadvantages of manufacturing ethanol by
fermentation and hydration of ethene
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Acid A substance that forms
hydrogen ions when dissolved in
water. Acidic solutions have a pH less
than 7.

Acidic oxide An oxide that reacts
with a base to form a salt and water

Acid rain Rain with an acidity below
about pH 5.0 due to the reaction of
sulfur dioxide (formed by burning
fossil fuels) with rainwater

Activation energy The minimum
energy needed to break bonds to
start a chemical reaction

Addition polymerisation The
formation of polymers frem
monomers (having double bonds)
where no other substance other than
the polymer is formed

Addition reaction A reaction where
two substances react together to
form only one product

Air The mixture of gases always
present in the atmosphere

Alcohol A compound with an ~OH
functional group and general formula
CH,_ OH

Alkali A soluble base. An alkaline
solution has a pH above 7.

Alkali metal The Group | elements
in the Periodic Table. They have one
electron in their outer shell.

Alkane A hydrocarbon with the

general formula CH,

Alkene A hydrocarbon containing
one or more C=C bonds and having
the general formula C H,

Alloy A mixture of two or more

metals or (less often) a metal with a
non-metal

Amphoteric oxide An oxide which
reacts with both acids and alkalis
Amide linkage The ~CONH-

group formed when proteins and
palyamides such as nylon are formed
from their monamers

Amino acid The momomers that
combine to form proteins
Anhydrous A substance without
water combined with it

Glossary

Anion A negative ion (which moves
to the anode during electrolysis)

Anode The positive electrode

Aqueous solution A solution made
by dissolving a substance in water
Atmosphere (air) The layer of gases
that surround the Earth

Atmosphere (unit) A unit of
pressure used in chemistry

Atom The smallest part of an
element that can take partin a
chemical change

Atomic number The number of
protans in the nucleus of an atom

Avogadro's constant The number
of defined particles (ions, atoms,
molecules) in one mole of those particles

Balanced equation An eguation with
the same number of each type of atom
on both sides of the equation

Base A compound that reacts with
acid to form salts. Bases are proton
acceptors.

Basic oxide An oxide that reacts
with an acid to form a salt

Battery - see Electrochemical cell
Bauxite The main ore of aluminium

Binary compound A compound
containing just two elements, e.g. NaCl

Biodegradable Naturally decaying
in the environment with the help of
bacteria and fungi

Blast furnace A furnace into which
air is blown and in which a metal
oxide is reduced using carbon

Bond energy The energy needed to
break a mole of given bonds
Bonding The way the atoms or ions
are held together in a substance

Brass An alloy of copper and zinc

Brownian motion The random
bombardment of molecules on small
suspended particles leading to a
random irregular motion

Burette A piece of glassware for
delivering a variable volume of liguid
accurately (usually up to 50cm?)

Burning An exothermic reaction
where substances combine and a
flame can be seen

Carbohydrate The general name
for simple and complex sugars.
Carbohydrates have the general
formula C'(HZO},}__

Carbon cycle The series of reactions
that keeps the amount of carbon
dioxide in the atmosphere fairly
constant and moves carbon from
place to place in the Earth, water and
atmosphere

Carboxylic acid A weak acid that has
the general formula C H, COOH

Catalyst A substance that speeds
up a chemical reaction without being
chemically changed or used up
Catalytic converter A piece of
equipment put on a car exhaust to
remove nitrogen oxides and carbon
monoxide

Cathode The negative electrade

Cation A positive ion (which moves
to the cathade during electrolysis)

Cell A container in which
electrolysis is carried out (Also see
Electrochemical cell)

Celsius A scale used to measure
temperature (degrees Celsius, °C)
Cement A building material made
by heating limestone with clay

Centrifugation Separation of a
solid from a liquid by spinning at
high speed

Charge Electrical charge can be

positive ar negative

Chemical property A property

involving the formation of a new
substance

Chlorination The addition of chlorine,
especially in water purification

Chlorophyll A green plant pigment
that catalyses photosynthesis

Chromatogram A piece of paper
showing the separation of substances
after chromatography has been
carried out
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Glossary

Limewater Calcium hydroxide
solution used to test for carbon
dioxide

Limiting reactant The reactant that
is not in excess

Litmus An indicator used to test if a
substance is acidic or alkaline

Locating agent A compound that
reacts with a colourless substance
on chromatography paper to form a
coloured spot

Lone pair A pair of electrons not
involved in bonding

Macromolecule A very large
molecule, e.g. a polymer or a giant
covalent structure

Malleable Can be hammered into
shape

Mass number The number of
protans plus neutrons in the nucleus
of an atom

Melt (electrolytic) A molien
electralyte

Melting The change in state from
solid to liquid

Metallic bonding Metal ions are
held together by a 'sea’ of delocalised
electrons

Mixture Two or more substances

mixed together but not chemically
combined

Molar gas volume The volume
occupied by one mole of any gas
24dm? at room temperature

Molarity The concentration of a
solution in mol/dm?

Molar mass — see Relative molecular
mass

Mole The relative formula mass of a
substance in grams

Molecular formula A formula
showing the type and number of
each element present in a molecule

Molecule A particle made up of
two or more atoms held together by
covalent bonds
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Moles per decimetre cubed The
unit of concentration — mol/dm?

Monomer A small molecule that can
combine to form a polymer

Monatomic Consisting of one atom

Neutral Neither acidic nor alkaline. A
neutral solution has pH 7

Neutralisation The reaction of an acid
with a base to form a salt and water

Neutral oxide Oxides that are
neither acidic nor basic

Neutron A particle in the nucleus of
the atom which has no charge

Noble gas An element in Group 0 of
the Periodic Table

Noble gas configuration This is
obtained when atoms in molecules
ions or have a complete outer shell of
electrons

NPK fertilisers Fertilisers containing
nitrogen, phosphorus and potassium

Nucleon A particle (proton or
neutron) in the nucleus of an atom

Nucleon number The total number
of protons plus neutrons in the
nucleus of an atom

Nucleus The central part of an atom
containing protons and neutrons

Ores Rocks containing a metal or
metal compound from which a metal
can be extracted

Organic compound Compounds
containing carbon and usually
hydrogen and perhaps other elements

Outer electrons — see Valency
electrons

Oxidation The addition of oxygen to,
removal of electrons from or increase
in oxidation state of a substance

Oxidation state/number A number
that describes how oxidised an atom is

Oxidising agent A substance that
removes electrons from or adds
oxygen to another substance; it
oxidises another substance

Percentage composition The
percentage by mass of each element
in a compound

Percentage purity The mass of a
given substance in a mixture divided
by the overall mass of substance
present, expressed as a percentage

Percentage yield The actual yield
divided by the theoretical yield
expressed as a percentage

Period A horizontal row of elements
in the Periodic Table

Periodic Table An arrangement
of elements in order of increasing
atomic number such that some
elements with similar properties are
arranged in groups

Petroleum - see Crude il

pH scale A scale of numbers that
describes how acidic (or alkaline) a
substance is

Photochemical reaction A reaction
that depends on the presence of light
Photosynthesis The process by
which plants make glucose (and
oxygen) from carbon dioxide and
water in the presence of sunlight
Physical property A property which
does not involve a chemical reaction
e.g. melting point

Pipette - see Volumetric pipette

Plastics Polymers that can be
moulded

Pollutant A substance that
contaminates (makes less pure) the
air, water or soil

Polyamide A polymer with —-CONH-
linkages.

Polyester A polymer with -COO-
linkages.
Polymer A substance made up from

a huge number of small molecules
that have combined

Polymerisation The chemical reaction
combining monomers to form a
palymer

Precipitate A solid formed when
two solutions are mixed






Glossary

Sublimation The change of state
from solid to gas or from gas to solid
without a liquid being formed

Substitution reaction A reaction in
which one atom or group of atoms
replaces another

Thermal decomposition The
breakdown of a compound into two
or more substances by heat
Titration A method for finding the
amount of a substance in a solution
Transition element A block of
elements between Groups Il and Il in
the Periodic Table

Universal indicator A mixture of
indicators which is used to measure pH
Unsaturated (hydrocarbon) A
hydrocarbon with ane or mare
double (or triple) bonds
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Valency The combining power of
atoms, e.g. sodium has a valency of
1, oxygen has a valency of 2

Valency electrons The electrons in
the outer shell of an atom

Volatile Easily vaparised

Volumetric flask A flask with a
graduation mark for making up
solutions accurately

Volumetric pipette A pipette used
to measure out solutions accurately. A
pipette for putting drops of liquid into
a test tube is called a teat pipette.

Water of crystallisation The water
combined with a compound in a
crystal

Weak acid/alkali Acids and alkalis
that are only slightly ionised when
dissolved in water

Word equation An equation with
the reactants and products written as
their chemical names

Yield The amount of product
obtained in a reaction

Zinc blende A common ore of zinc
containing zinc sulfide
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acid rain 190-1
acids 126, 130, 167
a soluble salt from an acid and
alkali 140-1
acids, bases and protons 132
how changing the concentration
of acid affects the rate of
reaction 108
litmus test 128
pH scale 126
reaction with carbonates 129
reaction with metal hydroxides or
agueous ammonia 129
reaction with metal oxides 129
reaction with metals 128-9
strong and weak acids 133, 232
using universal indicator 127
addition polymerisation 236, 238
air 188
carbon cycle 196-7
gases 188-9
global warming 194-5
percentage of oxygen in 188
air pollution 190-3
alcohols 214, 230
structure 230-1
uses of ethanol 230
alkali metals 154-5
alkalis 126
a soluble salt from an acid and
alkali 140-1
reacting ammonium sulfate with an
alkali 131
reaction with ammonium salts 130
alkanes 216
chemical properties 224-5
cracking 226-7
naming 216
physical properties 224
reaction with chlorine 225
alkenes 216, 228
chemical properties of the alkenes 229
alkyl groups 216-17
allotropes 42
alloys 164, 180
steel alloys 182
tin, lead and solder 164
uses 165, 182-3
aluminium 171, 182
aluminium extraction 84-5
amide linkage 244
amino acids 244, 245
ammonia 129
displacement of ammaonia from
ammonium salts 203
Haber process 204-5
using the litmus test 144
ammonium salts 203
reaction of alkalis with ammonium
salts 130

ammonium sulfate 203
reacting with an alkali 131
anhydrous substances 116
anions 78, 148
identifying carbonate ions 148
identifying chlorides, bromides and
iodides 148
identifying nitrates 148-9
identifying sulfates 149
identifying sulfites 149
anodes 75
apparatus 252
measuring 254
reducing errors 253
aqueous solutions 54
electrolysing concentrated aqueous
sodium chloride 76-7
electrolysis of dilute agueous
solutions 78-9
reaction of acids with aqueous
ammania 129
atmasphere 188
atoms 22
atomic number 23, 152
molecules with three or more types of
atoms 38
Avogadro constant 60

B
bases 130-3
bauxite 176
biodegradability 237
blast furnaces 177, 178
chemical reactions in 178-9
boiling 4
boiling point 14-15
bonds 92
bond energies 92
brass 183
brine 77
bromides 148
Brownian Motion 6
burettes 11, 140

C

carbohydrates 244, 246
hydrolysis of 246-7

carbon 170

carbon cycle 196-7

carbon dioxide 145, 196-7

carbon monoxide 190

carbonates 129
carbonate ions 148
reaction of acids with 129
thermal decomposition 173

carboxylic acids 214, 232, 244
chemical properties 232
formation of esters 232-3

catalysts 107, 161, 226, 248

catalytic converters 193

cathodes 75, 146

cations 78

flame tests 147
testing for cations 146-7
cells 70
centrifugation 16
centrifuges 16
changes of state 4
explaining 4-5
heating curve for salicylic acid 5
chemical bonds 28
chemical calculations 58-9
Avogadro constant and the mole &0
finding the empirical formula 68-9
finding the molecular formula 69
gas volumes 64-5
how much product? 62-3
mole 60-1
percentage by mass 64
reacting masses 61
relative atomic mass 58
relative formula mass 59
relative molecular mass 58-9
simple chemical 59
yield and purity 667
chemical changes 90
chemical equations 52-5
half equations 78
ionic equations 54-5
using state symbols 54
chemical formulae 48-9
empirical formula 50, 68-9
molecular formula 50, 69
simple rules for naming
compounds 49
structural formula 50
working out the formula from
diagrams 50
working out the formula of an ionic
compound 50-1
chemical properties 31
chemical symbols 48
chlorides 148
chlorination 187
chlorine 145
reaction of alkanes with 225
chromatograms 12, 247
chromatography 12-13
locating agent 13, 247
making a chromatogram 12
climate change 195
coal 94
collision theory 108-9, 111
combustion 190
alkenes 229
incomplete 190
compounds 28
double and triple bonds 38-9
ionic or covalent? 40-1
organic compounds 214-15
saturated or unsaturated? 228
simple rules for naming
compounds 49
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