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Get the most from this book


Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it — personalise your notes and check your progress by ticking off each section as you revise.


Track your progress


Use the revision planner on pages iv and v to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



•  practised the exam questions and gone online to check your answers and complete the quick quizzes.





You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.


Features to help you succeed
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Definitions and key words


Clear, concise definitions of essential key terms are provided where they first appear.
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Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Typical mistakes


The author identifies the typical mistakes students make and explains how you can avoid them.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are at the back of the book.
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Exam practice


Practice exam questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.
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Summaries


The summaries provide a quick-check bullet list for each topic.
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Online


Go online to check your answers to the exam practice questions, and to try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads
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[image: ] Where this symbol appears, the text to the right of it relates to higher tier material.





Countdown to my exams
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6–8 weeks to go





•  Start by looking at the specification — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages iv and v to familiarise yourself with the topics.



•  Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.



•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.



•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.
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2–6 weeks to go





•  Read through the relevant sections of this book and refer to the exam tips, summaries, typical mistakes and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.



•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at the back of the book.



•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.



•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam practice questions provided in this book. Check your answers online and try out the extra quick quizzes at www.hoddereducation.co.uk/​myrevisionnotesdownloads




•  Try out different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.



•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.
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One week to go





•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.



•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.



•  Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.
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The day before the examination





•  Flick through these Revision Notes for useful reminders, for example the exam tips, summaries, typical mistakes and key terms.



•  Check the time and place of your examination.



•  Make sure you have everything you need — extra pens and pencils, tissues, a watch, bottled water, sweets.



•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examinations.
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My exams


GCSE Chemistry Paper 1 (Topics 1–5)


Date:…………………


Time:…………………


Location:…………………


GCSE Chemistry Paper 2 (Topics 6–10)


Date:…………………


Time:…………………


Location:…………………
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1 Atomic structure and the periodic table



Atomic structure


The structure of atoms





•  Atoms are the smallest part of an element that can exist.



•  Atoms are very small. Typical atoms have a radius of about 0.1 nm (1 × 10−10 m).


1 nm = 1 × 10−9 m



•  Atoms are made from smaller particles called protons, neutrons and electrons.
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•  The protons and neutrons are contained in a tiny central nucleus.



•  The nucleus is about 10 000 times smaller than the atom.



•  The electrons move around the nucleus in energy levels (also called shells).




[image: ]







Atomic number and mass number





•  The number of protons, neutrons and electrons in an atom is found from the mass number and atomic number.



•  Atoms are neutral and so the number of protons equals the number of electrons.
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Isotopes and relative atomic mass





•  Isotopes are atoms of the same element that have a different mass number (e.g. [image: ] and [image: ]).



•  This means that isotopes are atoms with the same number of protons but a different number of neutrons.



•  Isotopes of the same element have the same chemical properties because they have the same electron structure.



•  The relative atomic mass (Ar) of an element is the average mass of all the isotopes of an element.
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Example


Find the relative atomic mass of chlorine which consists of [image: ] and [image: ] atoms.
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Exam tip


The relative atomic mass must have a value between the mass of the heaviest and the lightest isotopes. For example, for chlorine the value must be between 35 and 37. If your answer is outside this range, you have made a mistake.
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Electron structure





•  The electrons orbit the nucleus in energy levels (shells).



•  Electrons are in the lowest possible energy level (the energy levels closest to the nucleus).



•  The 1st energy level holds a maximum of 2 electrons and the 2nd energy level holds a maximum of 8 electrons. The next 8 electrons go into the 3rd energy level, with the next 2 electrons going into the 4th energy level.




Table 1.3






	atom

	aluminium

	potassium






	number of electrons

	13 electrons

	19 electrons






	diagram of electron structure

	[image: ]
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	written electron structure

	2,8,3

	2,8,8,1














Ions





•  Ions are particles with an electric charge because they contain a different number of protons and electrons.



•  Positive ions have more protons than electrons.



•  Negative ions have more electrons than protons.



•  Common ions have the same electron structure as the Group 0 elements (the noble gases). These are very stable electron structures. (The only common ion that is an is exception is H+ which has no electrons at all.)
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Typical mistake


Many candidates struggle to work out the number of electrons in an ion. Remember that protons are positive and electrons are negative.


An ion with a 1+ charge has more positive protons than negative electrons, for example, the [image: ] ion has 3 protons (charge = 3+) and therefore must have 2 electrons (charge = 2−).
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Development of ideas about atomic structure





•  As scientists make new discoveries, scientific models have to be changed or completely replaced.



•  For many years, scientists thought that atoms were the smallest possible particle that could not be divided.



•  This theory was replaced by the plum-pudding model of the atom when electrons were discovered. In this model, the atom is a ball of positive charge with negative electrons embedded in it.



•  The plum-pudding model was replaced a few years later when the results of an alpha particle scattering experiment showed that it could not be correct.



•  In the experiment, alpha particles were fired at a very thin piece of gold foil. If the plum-pudding model was correct, the alpha particles would have passed straight through the gold foil. However, a few alpha particles were deflected or bounced back.



•  Rutherford worked out from these results that atoms have a tiny, positive nucleus surrounded by electrons. Most of the mass of the atom is concentrated in this nucleus. This is known as the nuclear model.
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•  Bohr revised the nuclear model when he showed that the electrons moved in energy levels.



•  Later experiments showed that the positive nucleus is made of particles called protons.



•  A few years later, the nuclear model was revised again when Chadwick discovered that neutrons are in the nucleus as well as the protons.
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Now test yourself





1  What is the atomic number and mass number of an atom with 26 protons, 30 neutrons and 26 electrons?



2  How many protons, neutrons and electrons are there in each of these atoms and ions?







    (a)  [image: ]








    (b)  [image: ]








    (c)  [image: ]








    (d)  [image: ]









3  What is the electron structure of each of the atoms and ions in question 2?



4  What is the charge on an ion containing 16 protons and 18 electrons?



5  What is special about the electron structure of ions?



6  Explain why [image: ] and [image: ] are isotopes.



7  Calculate the relative atomic mass of gallium which contains 60% [image: ] atoms and 40% [image: ] atoms. Give your answer to 3 significant figures.



8  The radius of a calcium atom is 0.18 nm. State this in standard form in metres.





Answers on p. 114
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Reactions of elements



Elements in the periodic table





•  An element is a substance containing one type of atom. For example, all the atoms in the element carbon are carbon atoms.



•  Elements cannot be broken down into simpler substances.



•  There are just over 100 elements.



•  Each element has its own symbol (the first letter of which is always a capital).



•  The elements are listed in order of atomic number in the periodic table.
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•  Over three quarters of the elements are metals. Most of the other elements are non-metals, but a few are hard to classify.
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Typical mistake


It is very important to show the capital letters and small letters clearly when writing symbols. Some students can lose marks by mixing up capital or small letters or not writing them clearly.
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Table 1.5 Physical properties of metals and non-metals






	 

	metals

	non-metals






	melting and boiling points

	high (usually)

	low






	conductivity

	thermal and electrical conductor

	thermal and electrical insulator






	density

	high density (usually)

	low density






	appearance

	shiny when polished

	dull






	malleability

	can be hammered into shape

	brittle as solids










Reactions between elements





•  Compounds are formed when elements react with each other.



•  When elements react, electrons are transferred or shared so that atoms obtain the stable electron structure of the noble gases (Group 0 elements).
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Balancing equations





•  Word equations show the names of the reactants (the chemicals at the start) and the products (the chemicals made in the reaction).



•  A balanced equation shows the formula of each substance and how many particles of each are involved in the reaction.




Table 1.7






	 

	

reactants      products


	what the equation tells us






	word equation

	[image: ]

	hydrogen reacts with oxygen to form water






	balanced equation

	[image: ]


	2 molecules of H2 react with 1 molecule of O2 to form 2 molecules of H2O











•  In a balanced equation, the total number of atoms of each element in the reactants and products must be the same. This is because atoms cannot be created or destroyed.



•  How to balance an equation:
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•  Sometimes balanced equations include state symbols which are shown:
(s) = solid
(l) = liquid
(g) = gas
(aq) = aqueous (i.e. dissolved in water)







[image: ]


Typical mistake


Students are sometimes tempted to change the formula of a substance to balance an equation. You should never do this because it changes what the substances actually are.
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Now test yourself




  9  What type of compound, if any, will be formed when the following elements react with each other?







      (a)  sodium + bromine


      (b)  oxygen + sulfur


      (c)  magnesium + aluminium


      (d)  chlorine + iron








10  Balance the following equations.







      (a)  Mg + O2 → MgO


      (b)  Na + H2O → NaOH + H2



      (c)  Fe2O3 + C → Fe + CO








11  Write in words what the following equation tells us:
P4(s) + 5O2(g) → P4O10(s)





Answers on p. 114
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The periodic table


Electron structure and the periodic table





•  All the elements in the same group in the periodic table have the same number of electrons in their outer shell. For example, all the elements in group 7 have 7 electrons in their outer shell.



•  Elements in the same group have similar chemical properties because they have the same number of electrons in their outer shell.








[image: ]




Group 0 – the noble gases





•  The noble gases include helium (He), neon (Ne) and argon (Ar).



•  They are all non-metals.



•  They are very unreactive because they have stable electron structures.



•  They are all colourless gases at room temperatures.



•  They have very low boiling points as their atoms are not bonded together and there are only very weak forces between the atoms.



•  Going down the group, the boiling points increase as the atoms get heavier and the forces between the atoms increase.







[image: ]


Now test yourself





12  How many electrons are there in the outer shell of the following elements?







      (a)  calcium


      (b)  nitrogen


      (c)  potassium


      (d)  neon


      (e)  sulfur








13  Explain why magnesium and calcium have similar chemical properties.



14  Explain why argon is very unreactive.





Answers on p. 114
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Group 1 – the alkali metals
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•  The alkali metals include lithium (Li), sodium (Na) and potassium (K).



•  Each one is a soft metal with a low density and a low melting point.



•  They are very reactive as they all have one electron in their outer shell which is easily given away.



•  When they react, they give away the outer shell electron forming 1+ ions (e.g. Li+, Na+, K+) in an ionic compound.








[image: ]







•  When alkali metals react with water, a solution of a metal hydroxide (e.g. sodium hydroxide) and hydrogen gas are formed. The metal hydroxides are alkalis.





Trend in reactivity





•  The elements get more reactive going down the group. This is because:







    •  the outer electron is further from the nucleus


    •  the attraction between the outer electron and the nucleus is weaker.


    •  the outer electron is lost more easily.







[image: ]
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Now test yourself





15  Write a word equation for the reaction of sodium with water.



16  Is sodium or potassium more reactive? Explain your answer.



17  What is the charge on the rubidium ions formed when rubidium reacts with oxygen?





Answers on p. 114
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Transition metals
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•  The transition metals are the block of elements between groups 2 and 3 in the periodic table.



•  They include common metals such as iron, copper, silver and gold.



•  Figure 1.9 shows some similarities and differences between the transition metals and the group 1 metals.







[image: ]
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Now test yourself





18  State whether each of the following metals could be an alkali metal, a transition metal or either. The letters A–D are not the real symbols of the elements.







      (a)  Metal A reacts with chlorine to form an ionic chloride with the formula ACl.


      (b)  Metal B is used as a catalyst in the production of margarine from plant oils.


      (c)  Metal C reacts with oxygen to form an oxide that is white.


      (d)  Metal D forms two bromides with the formulae DBr2 and DBr3.





Answers on p. 114
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Group 7 – the halogens
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•  The halogens include fluorine (F2), chlorine (Cl2), bromine (Br2) and iodine (I2).



•  They are all non-metals.



•  Each is made of diatomic molecules, i.e. molecules containing two atoms.



•  They have low melting and boiling points because there are weak forces between the molecules.




[image: ]





•  Going down the group, the melting and boiling points increase because the forces between the molecules get stronger.







[image: ]







•  The elements have 7 electrons in their outer shell.



•  When they react, they gain an extra electron by either:







    •  forming 1– ions when they react with metals


    •  forming covalent bonds by sharing electrons when they react with non-metals.





Trend in reactivity




[image: ]







•  The elements get less reactive going down the group. This is because:







    •  it is harder to gain an electron


    •  the electron gained is further from the nucleus


    •  the attraction between the electron gained and the nucleus is weaker.








•  The trend in reactivity can be shown by halogen displacement reactions.



•  A more reactive halogen will displace a less reactive halogen from its compounds.
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Writing ionic equations





•  When an ionic substance dissolves in water, the positive and negative ions separate and do not interact with each other.



•  When solutions containing ions react in solution, some of the ions do not react. We can write an ionic equation that leaves out any ions that are unchanged during the reaction.



•  For example, when chlorine displaces bromine from sodium bromide solution:




[image: ]
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Typical mistake


Some students write about the electron in the outer shell when explaining the trend in reactivity down Group 7. The atoms gain an electron when they react and this comes from outside the atom – it does not come from its own outer shell.


[image: ]
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Now test yourself





19  Why do the halogens have low melting and boiling points?



20  When an aqueous solution of bromine is mixed with an aqueous solution of potassium iodide, the mixture darkens to brown.







      (a)  Write a word equation for this reaction.



[image: ]     (b)  Write an ionic equation for this reaction.







      (c)  Is bromine or iodine more reactive?


      (d)  Explain your answer to (c).





Answers on p. 114
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Development of the periodic table





•  Before the discovery of protons, neutrons and electrons, scientists had tried to classify the elements by putting them into order of atomic mass.



•  There were many problems with these early attempts with elements out of place (for example, in one attempt, the unreactive metal copper was in the same group as the reactive metals sodium and potassium).



•  Dimitri Mendeleev made a big breakthrough when he produced a table where the elements were mainly in mass order, but:







    •  he left gaps for elements he predicted would be discovered (and predicted what their properties would be)


    •  he slightly changed the order of some elements out of mass order so they were in groups with elements with similar properties.
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Figure 1.5 The electron structure of the first 20 elements in the
periodic table
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The alpha particles would all be expected to travel straight Atiny fraction of alpha particles were deflected or bounced back.
through the gold foil according to the plum-pudding model Rutherford worked out that there must be a tiny, positive nucleus to explain this

Figure 1.3 The alpha scattering experiment
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Figure 1.11
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