

[image: Cover Image]



[image: ]





[image: ]

In order to ensure that this resource offers high-quality support for the associated Pearson qualification, it has been through a review process by the awarding body. This process confirms that this resource fully covers the teaching and learning content of the specification or part of a specification at which it is aimed. It also confirms that it demonstrates an appropriate balance between the development of subject skills, knowledge and understanding, in addition to preparation for assessment.

Endorsement does not cover any guidance on assessment activities or processes (e.g. practice questions or advice on how to answer assessment questions), included in the resource nor does it prescribe any particular approach to the teaching or delivery of a related course.

While the publishers have made every attempt to ensure that advice on the qualification and its assessment is accurate, the official specification and associated assessment guidance materials are the only authoritative source of information and should always be referred to for definitive guidance.

Pearson examiners have not contributed to any sections in this resource relevant to examination papers for which they have responsibility.

Examiners will not use endorsed resources as a source of material for any assessment set by Pearson. Endorsement of a resource does not mean that the resource is required to achieve this Pearson qualification, nor does it mean that it is the only suitable material available to support the qualification, and any resource lists produced by the awarding body shall include this and other appropriate resources.

[image: ]




The Acknowledgments are listed on page viii.

Although every effort has been made to ensure that website addresses are correct at time of going to press, Hodder Education cannot be held responsible for the content of any website mentioned. It is sometimes possible to find a relocated web page by typing in the address of the home page for a website in the URL window of your browser.

Orders: please contact Bookpoint Ltd, 130 Milton Park, Abingdon, Oxon OX14 4SB. Telephone: (44) 01235 827720. Fax: (44) 01235 400454. Lines are open 9.00–17.00, Monday to Saturday, with a 24-hour message answering service. Visit our website at www.hoddereducation.co.uk

© Graham Hill, Robert Wensley 2017

First published in 2017 by

Hodder Education

An Hachette UK Company,

338 Euston Road

London NW1 3BH

Impression number    5  4  3  2  1

Year          2021          2020          2019          2018          2017

All rights reserved. Apart from any use permitted under UK copyright law, no part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying and recording, or held within any information storage and retrieval system, without permission in writing from the publisher or under licence from the Copyright Licensing Agency Limited. Further details of such licences (for reprographic reproduction) may be obtained from the Copyright Licensing Agency Limited, Saffron House, 6–10 Kirby Street, London EC1N 8TS.

Cover photo © Andrew Brookes/Corbis

Typeset in ITC Legacy Serif by Elektra Media Ltd.

Printed in Italy

Project managed by Elektra Media Ltd.

A catalogue record for this title is available from the British Library.

ISBN 978 151 040 5202
eISBN 978 151 040 5127





Contents


Getting the most from this book

Acknowledgments

Section 1 Principles of chemistry 1

  1.1 Particles and solubility

  1.2 Particles in motion

  1.3 Atoms and molecules

  1.4 Separating materials

  1.5 Atomic structure

  1.6 Atomic number and mass number

  1.7 Isotopes

  1.8 The arrangement of electrons

  1.9 Measuring atoms

1.10 Patterns of elements

1.11 Modern Periodic Tables

1.12 The noble gases

Summary

Sample answers and expert’s comments

Exam-style questions

Extend and challenge

Principles of chemistry 2

1.13 Using relative atomic masses

1.14 Writing formulae

1.15 Particles in reaction – equations

1.16 Formulae and equations

1.17 Chemical bonding

1.18 Electricity in everyday life

1.19 Which substances conduct electricity?

1.20 Giant ionic structures

1.21 The structure of substances

1.22 Simple molecular substances

1.23 Diamond, graphite and fullerenes

1.24 The properties of metals

1.25 Investigating electrolysis

Summary

Sample answers and expert’s comments

Exam-style questions

Extend and challenge

Section 2 Inorganic Chemistry

  2.1 Group 1 elements

  2.2 Group 7 elements

  2.3 Reactions of the halogens

  2.4 Oxidation and reduction

  2.5 The air

  2.6 Oxygen

  2.7 Carbon dioxide

  2.8 The reactions of metals

  2.9 Rusting

2.10 Raw materials to metals

2.11 Extracting iron from iron ore – a case study

2.12 Electrolysis – a case study

2.13 Extracting metals

2.14 Acids and their properties

2.15 Neutralisation

2.16 Bases and alkalis

2.17 Salts

2.18 Preparing soluble salts

2.19 Tests for ions, gases and water

Summary

Sample answers and expert’s comments

Exam-style questions

Extend and challenge

Section 3 Physical Chemistry

  3.1 Energy changes and enthalpy changes

  3.2 Measuring enthalpy changes

  3.3 Enthalpy changes and bonding

  3.4 Studying reaction rates

  3.5 Making reactions go faster

  3.6 Temperature and reaction rates

  3.7 Catalysts and reaction rates

  3.8 Reversible reactions

  3.9 Dynamic Equilibria

Summary

Sample answers and expert’s comments

Exam-style questions

Extend and challenge

Section 4 Organic Chemistry

  4.1 Crude oil

  4.2 How pure is our air?

  4.3 Cracking - more petrol from crude oil

  4.4 Alkanes

  4.5 Alkenes

  4.6 Alcohols

  4.7 Carboxylic acids

  4.8 Esters

  4.9 Addition polymers

4.10 Condensation polymers

Summary

Sample answers and expert’s comments

Exam-style questions

Extend and challenge

Periodic Table

Relative atomic masses

Index





Getting the most from this book


Welcome to the Edexcel International GCSE (9–1) Chemistry Student Book. This book has been divided into four Sections, following the structure and order of the Edexcel Specification, which you can find on the Edexcel website for reference. Section 1 has been divided into two parts to help you structure your learning.
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At the start of each Section you will find the learning objectives for that Section.
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Each Section has been divided into a number of smaller Chapters to help you manage your learning.

The following features have been included to help you get the most from this book.
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PRACTICAL

Practical boxes tell you whether the practical work is required or suggested by the exam board, and include links to the specification.

[image: ]






[image: ]

RESEARCH • CALCULATE

Try the activity before you start, and then have a look at it again once you have completed the Section to see if your responses are different before and after learning more about the topics.
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MATHS TIP

Maths tips give you additional help with the maths in the book so you can avoid losing valuable marks in the exam.
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EXAM TIP

Exam tips throughout the book will guide you in your learning process.
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STUDY QUESTIONS

At the end of each Chapter you will find Study Questions. Work through these in class or on your own for homework. Answers are available online.
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You will find Exam-style questions at the end of each Section covering the content of that section and the different types of questions you will find in an examination.
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ANSWERS

Answers for all questions and activities in this book can be found online at
www.hoddereducation.co.uk/igcsechemistry
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At the end of each Section, you will find a summary checklist highlighting the key facts that you need to know and understand, and key skills that you learnt in the Section.
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Before you try the Exam-style questions, look at the sample answers and expert’s comments to see how marks are awarded and common mistakes to avoid.
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EXTEND AND CHALLENGE

When you have completed all the Exam-style questions for the Section, try the extension activity.
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Principles of chemistry 1
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Everything around us, everything we use, and even our bodies, depend on taking raw materials like this iron ore and transforming it into useful substances. The cars we ride in depend on the chemical processes that turn the iron ore into steel.

Why are some substances solids, others liquids and some gases?

What are the rules governing chemical reactions? How can we predict what will happen in different reactions? How can we describe to other people easily in a universal language what is happening when two substances react together?

To understand all of these we need to know the science of substances – the principles of chemistry.
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By the end of this section you should:


•  be familiar with the states of matter

•  know how to obtain pure substances

•  understand the Periodic Table, what it is and how it is useful in chemistry (this is on p. 273)

•  be able to describe the structure of an atom using information from the Periodic Table of elements

•  be able to describe the electronic configuration of the first 20 elements of the Periodic Table

•  be able to calculate the relative formula mass of a compound.
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DISCUSS • PRESENT


1  Make a list of 20 items you have used today. Separate them into two groups: those that are good conductors of electricity and those that are poor conductors. Can you suggest why some materials conduct electricity and others do not?

2  Find out what a shorthand typist used to do. Suggest what use ‘shorthand’ might be in chemistry.

3  There are two methods for making a chemical fertiliser. One method turns 60% of the raw materials into the fertiliser. The other method converts 90% of the raw materials into the fertiliser, but uses four times as much energy. Suggest the economic and environmental advantages of each process.
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1.1 Particles and solubility


How does the liquid get through the filter paper when filter coffee is made? The coffee grains don’t get through the paper. Why is this?

When sugar is added to hot tea or coffee, it dissolves quickly. The sugar seems to disappear. What happens to the sugar when it dissolves? Where does the sugar go?
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Figure 1.1 Everyday evidence for particles




Dissolving is evidence

Look at the photos in Figure 1.1 and try to answer the questions above. In order to answer these questions, you will need to use the idea that:
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All materials are made up of particles.
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We can explain how the sugar dissolves and disappears using the idea of particles. Both sugar and water are made up of very small particles. These particles are much too small to see, even under a microscope. When sugar dissolves, tiny particles break off each solid granule. These tiny invisible sugar particles mix with the water particles in the liquid. The solution tastes sweet even though you cannot see the sugar.
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Figure 1.2 Explaining what happens when sugar dissolves in water.



The sugar is the substance that dissolves. We call a substance that dissolves the solute. The water that the sugar dissolves in is called the solvent. The mixture of dissolved sugar and water is called a solution.
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PRACTICAL

If possible, get some sugar and stir it into a cup of warm water (Figure 1.2). Watch the sugar disappear as you stir the water.

Sugar dissolving is practical evidence for particles.

Do not eat or taste the sugar solution if it has been made in the laboratory.
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Solvents, solutes and solutions

Not all substances dissolve in water. Different masses of different substances (solutes) dissolve in water. There is a maximum mass of a solute that can dissolve in the solvent. When no more solute can dissolve in the solution we say the solution is saturated.
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Solubilities are often measured in g of solute per 100 g of solvent.
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For many substances the temperature of the solvent affects the maximum mass of solute you can dissolve in 100 g of solution. Increasing the solvent’s temperature usually increases the mass of solute that dissolves. If you repeat the experiment above at five different temperatures you can plot a graph of solubility in g per 100 g of solvent against temperature. Figure 1.3 shows a graph for the solubility of sodium chloride (salt) at different temperatures.
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Figure 1.3 A graph of the solubility of sodium chloride at different temperatures.
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REQUIRED PRACTICAL

This experiment will enable you to discover the maximum mass of salt that can dissolve in water at a specific temperature. Make sure eye protection is worn for this experiment.


1. Measure 100 cm3 of water into a beaker. This will have a mass of 100 g.

2. Record the temperature of the water.

3. Add 5 g of salt to the water and stir. Look to see if there is any undissolved salt left in the bottom of the beaker.

4. If all the salt has dissolved add another 5 g of salt and stir again.

5. Keep adding 5 g of salt at a time and stirring until there is some undissolved salt left in the bottom of the beaker. Make a note of how many grams of salt you have added in total.



When no more salt will dissolve in the water you have a saturated solution. Your experimental results will be the solubility of salt in grams per 100 g of water.
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Solubility curves

Not all graphs of solubility against temperature are linear relationships. Often they are curves. Figure 1.4 shows solubility curves for four different substances.
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Figure 1.4 Solubility curves for four substances.
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MATHS TIP

A straight line graph like the one in Figure 1.3 shows a relationship of y = mx + c. It is a linear relationship between two variables, x and y. This means that the value on the vertical or y-axis is always equal to the value on the horizontal x-axis multiplied by a constant m plus another constant c.
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The solubility of each of these substances can be found from the graph at any temperature between 0 °C and 100 °C. If you need to know the mass of sodium nitrate needed to make a saturated solution at 80°C you should:


•  find the temperature you want on the horizontal x-axis, 80 °C

•  look up the line at 80 °C until you find the curve for sodium nitrate

•  look across at the y-axis to read off the mass needed to make a saturated solution in 100 g of water.





Finding solubilities by evaporation

If you make a saturated solution of anhydrous sodium sulfate using 100 cm3 of water you can find out the mass of sodium sulfate dissolved by heating the solution in an evaporating basin. Weigh the basin empty, add the solution, heat and evaporate the water. When the basin is dry re-weigh the basin. The difference between the two mass readings is the mass of sodium sulfate dissolved in 100 g of water.




How large are the particles of substances?

Anyone who cooks knows that a small amount of pepper, ginger or curry powder will give food a really strong taste. Too much spice can spoil the whole meal. This suggests that tiny particles in the spice can spread throughout the whole meal.

Figure 1.5 shows an experiment that will help to give you some idea about the size of particles.


1  Dissolve 1 g of dark purple potassium manganate(VII) crystals in 1000 cm3 of water.

2  Take 100 cm3 of this solution and dilute it to 1000 cm3 with water.

3  Now take 100 cm3 of the once-diluted solution and dilute this to 1000 cm3 with more water.

4  Carry out further dilutions until you get a solution in which you can only just see the pink colour. It is possible to make six dilutions before the pink colour is so faint that it is only just noticeable.
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SAFETY

Wear eye protection.
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Figure 1.5 Estimating the size of particles in potassium manganate(VII). If you try this experiment, wear eye protection.



When potassium manganate(VII) dissolves, its particles spread throughout the water making a dark purple solution. When this solution is diluted, the particles spread further apart.

This experiment shows that the tiny particles in only 1 g of potassium manganate(VII) can colour 1 000 000 000 (one thousand million) cm3 of water. This suggests that there must be millions and millions of tiny particles in only 1 g of potassium manganate(VII).

Similar experiments show that the particles in all substances are extremely small. For example, there are more air particles in a tea cup than grains of sand on a large beach.
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STUDY QUESTIONS


1  Krisnan and Christine were talking about dissolving sugar in tea. Krisnan thought that the sugar would weigh less when it had dissolved because it would be floating in the tea.




    a)  What do you think happens to the mass of a substance when it dissolves?

    b)  Plan an experiment to test your suggestions in part (a).

    c)  If possible, carry out your suggested experiment. Explain your results.




2  Get into groups of two or three. Use the idea of particles to discuss and explain what happens when:




    a)  water in a kettle boils to produce steam

    b)  you add water to a clay flower pot and the outside of the pot becomes wet

    c)  puddles disappear on a fine day

    d)  tightly tied balloons go down after some time.




3  Explain the following terms:




    a)  solute

    b)  solvent

    c)  solution

    d)  saturated

    e)  solubility

    f)  y = mx + c




4  Use Figure 1.4 to help you answer these questions.




    a)  In what unit is solubility measured?

    b)  Which substance’s solubility has a linear relationship?

    c)  Name a substance with a non-linear solubility graph.

    d)  Calculate the solubility of sodium nitrate at 80 °C




5  Look back at Figure 1.5 and the experiment involved. Suppose that 1 g of potassium manganate(VII) has a volume of cm3 and that there is one particle of potassium manganate(VII) in every drop of the final 1 000 000 000 cm3 of faint pink solution.




    a)  Estimate the number of drops in 1 cm3 of the faint pink solution.

    b)  How many particles of potassium manganate(VII) are there in 1 000 000 000 cm3 of the faint pink solution?

    c)  Calculate the volume of one particle of potassium manganate(VII) in the crystal.
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