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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. This Study and Revision Guide 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 make notes in it – personalise your notes and check your progress by noting each section as you revise.


Track your progress

Use the revision planner on pages 4 and 5 to plan your revision, topic by topic. Make a note when you have:


	•  revised and understood a topic

	•  tested yourself and gone online to check your answers

	•  practised the exam-style questions



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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STUDY TIPS

Tips are given throughout the book to help you develop your exam technique and maximise your achievement in the exam.
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KEY TERMS AND DEFINITIONS

Clear, concise definitions of essential key terms are provided where they first appear and in the glossary.
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REVISION ACTIVITIES

Activities to help you understand each topic in an interactive way.
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NOW TEST YOURSELF

Short, knowledge-based questions provide the first step in testing your learning. Go to www.hoddereducation.com/cambridgeextras for the answers.
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WORKED EXAMPLES

Worked examples of calculations will help improve your maths skills and develop your confidence and competence.
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END OF CHAPTER CHECK

Quick-check bullet lists for each topic.
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EXAM PREPARATION

Guidance on preparing for examination is followed by example AS questions and A Level questions at the end of each section. Each question has sample answers and comments indicating how the answers could be improved.
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My revision planner


Countdown to my exams

Introduction

AS LEVEL TOPICS

Physical chemistry

1    Atomic structure

2    Atoms, molecules and stoichiometry

3    Chemical bonding

4    States of matter

5    Chemical energetics

6    Electrochemistry

7    Equilibria

8    Reaction kinetics

Inorganic chemistry

9    The Periodic Table: chemical periodicity

10  Group 2

11  Group 17

12  Nitrogen and sulfur

Organic chemistry

13  An introduction to AS Level organic chemistry

14  Hydrocarbons

15  Halogen compounds

16  Hydroxy compounds

17  Carbonyl compounds

18  Carboxylic acids and derivatives

19  Nitrogen compounds

20  Polymerisation

21  Organic synthesis

Analysis

22  Analytical techniques

AS Level experimental skills and investigations

AS Level exemplar paper

A LEVEL TOPICS

Physical chemistry

23  Chemical energetics

24  Electrochemistry

25  Equilibria

26  Reaction kinetics

Inorganic chemistry

27  Group 2

28  Chemistry of transition elements

Organic chemistry

29  An introduction to A Level organic chemistry

30  Hydrocarbons

31  Halogen compounds

32  Hydroxy compounds

33  Carboxylic acids and derivatives

34  Nitrogen compounds

35  Polymerisation

36  Organic synthesis

Analysis

37  Analytical techniques

A Level experimental skills and investigations

A Level exemplar paper

Glossary

The Periodic Table of elements

Answers to Now Test Yourself questions at www.hoddereducation.com/cambridgeextras





Countdown to my exams



6–8 weeks to go


	•  Start by looking at the syllabus – make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages 4 and 5 to familiarise yourself with the topics.

	•  Organise your notes, making sure you have covered everything on the syllabus. 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. This Study and Revision Guide organises the basic facts into short, memorable sections to make revising easier.





2–5 weeks to go


	•  Read through the relevant sections of this book and refer to the study tips, key terms and end of chapter checks. 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. Check the answers at www.hoddereducation.com/cambridgeextras

	•  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. Check your answers with your teacher. Write or prepare planned answers to the exam-style questions provided in this book and then check your answers against the sample answers and comments.

	•  Use the revision activities to try 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.





1 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 organised by your teacher. Remember, teachers are experts at preparing people for examinations.





The day before the examination


	•  Flick through this Study and Revision Guide for useful reminders, for example the study tips, key terms and end of chapter checks.

	•  Check the time and place of your examination.

	•  Make sure you have everything you need – extra pens and pencils, a calculator, 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 examination.





My exams

Paper 1



	Date:
	Time:



	Location:
	 




Paper 2



	Date:
	Time:



	Location:
	 




Paper 3



	Date:
	Time:



	Location:
	 




Paper 4 (A Level only)



	Date:
	Time:



	Location:
	 




Paper 5 (A Level only)



	Date:
	Time:



	Location:
	 









Introduction


This Study and Revision Guide is written to support students following the Cambridge International AS and A Level Chemistry 9701 course. The assessment of the AS Level is based on examination papers 1 to 3 while at A Level the results from the AS papers are combined with two further papers 4 and 5. Details of each examination are set out below.

Note: Paper 1 contains multiple-choice questions from any part of the AS syllabus. Papers 2 and 4 contain longer questions. Paper 2 contains questions from any part of the AS syllabus; paper 4 can contain questions from both the AS and the A Level syllabuses but mainly focuses on the A Level syllabus.


Examination overview


AS Level

Paper 1      1 hour 15 mins      40 marks


	•  40 multiple-choice questions

	•  Questions are based on the AS Level syllabus content

	•  Externally assessed

	•  31% of the AS Level

	•  15.5% of the A Level



Paper 2      1 hour 15 mins      60 marks


	•  Structured questions

	•  Questions are based on the AS Level syllabus content

	•  Externally assessed

	•  46% of the AS Level

	•  23% of the A Level



Paper 3      2 hours                  40 marks


	•  Advanced practical skills

	•  Practical work and structured questions

	•  Questions are based on the experimental skills outlined in the practical assessment section of the syllabus

	•  Externally assessed

	•  23% of the AS Level

	•  11.5% of the A Level





A Level

Paper 4      2 hours                  100 marks


	•  Structured questions

	•  Questions are based on the A Level syllabus content; knowledge of material from the AS Level syllabus will be required

	•  Externally assessed

	•  38.5% of the A Level



Paper 5      1 hour 15 mins      30 marks


	•  Planning, analysis and evaluation

	•  Questions based on the experimental skills of planning, analysis and evaluation

	•  The context of the questions may be outside the syllabus content

	•  Externally assessed

	•  11.5% of the A Level






Assessment objectives


AO1 Knowledge and understanding

You should be able to demonstrate knowledge and understanding of:


	•  scientific phenomena, facts, laws, definitions, concepts and theories

	•  scientific vocabulary, terminology and conventions (including symbols, quantities and units)

	•  scientific instruments and apparatus, including techniques of operation and aspects of safety

	•  scientific quantities and their determination

	•  scientific and technological applications with their social, economic and environmental implications

	•  reasoned explanations for phenomena, patterns and relationships





AO2 Handling, applying and evaluating information

You should be able to handle, apply and evaluate information in words or using other forms of presentation (e.g. symbols, graphical or numerical) to:


	•  locate, select, organise and present information from a variety of sources

	•  translate information from one form to another

	•  manipulate numerical and other data

	•  use information to identify patterns, report trends and draw conclusions

	•  give reasoned explanations for phenomena, patterns and relationships

	•  make predictions and construct arguments to support hypotheses

	•  make sense of new situations

	•  evaluate hypotheses

	•  demonstrate an awareness of the limitations of chemical theories and models

	•  solve problems





AO3 Experimental skills and investigations

You should be able to:


	•  plan experiments and investigations

	•  collect, record and present observations, measurements and estimates

	•  analyse and interpret experimental data to reach conclusions

	•  evaluate methods and quality of experimental data, and suggest improvements to experiments




Command words

Command words are used in examination questions to help you understand what is expected in the answer. Check your syllabus and make sure you know what each command word requires you to do.

The syllabus is available on the Cambridge International website at www.cambridgeinternational.org








AS LEVEL

1 Atomic structure



Particles in the atom and atomic radius


	•  Atoms are mostly empty space but contain three different types of particles – protons, neutrons and electrons. The protons and neutrons form a dense nucleus at the centre of the atom with the electrons in ‘shells’ some distance away from the nucleus.

	•  Remember that only the protons and neutrons have significant mass, and that the proton carries a single positive charge while the electron carries a single negative charge.

	•  Remember also that the protons and neutrons are found in the nucleus of the atom and that the electrons surround the nucleus. These particles behave quite differently if they are passed through an electric field. Protons are attracted to the negative electrode and electrons to the positive electrode, while neutrons are undeviated (Figure 1.1).




[image: ]

Figure 1.1 Behaviour of protons, neutrons and electrons in an electric field




Charges on particles

Let us look at some different particles that all have the same mass. The numbers of protons, neutrons and electrons in the three particles are shown in Table 1.1. What is the major difference between these three species?

Table 1.1




	Particle
	Number of protons
	Number of neutrons
	Number of electrons





	A
	11
	12
	10



	B
	11
	12
	11



	C
	11
	12
	12







	•  The difference is in the number of electrons each particle possesses, and so the overall charge on the species.

	•  Because particle A has one more proton than electrons, it has a single positive charge. In B the numbers of protons and electrons are the same, so it is uncharged (neutral). In C there is one more electron than protons, so it has a single negative charge.

	•  Notice that because all the species have the same number of protons (proton number), they are all forms of the same element, in this case sodium. The two charged species are called ions.

	•  You might be surprised to see sodium (particle A) as an anion, Na−, but it is theoretically possible (but very unlikely).




[image: ]

KEY TERMS

Protons are particles with a single positive charge found in the nucleus of atoms. They have a relative mass of 1.

Neutrons are uncharged particles, also found in the nucleus of most atoms ([image: ] is the exception). They also have a relative mass of 1.

Electrons carry a single negative charge but have no significant mass.

Ions are charged species. A positive ion is called a cation. A negative ion is called an anion.

[image: ]







Isotopes


Proton and neutron numbers

Table 1.2 shows another way in which the numbers of sub-atomic particles can vary.

Table 1.2




	Particle
	Number of protons
	Number of neutrons
	Number of electrons





	D
	12
	12
	12



	E
	12
	13
	12



	F
	12
	14
	12






	•  In this case, it is the number of neutrons that changes, while the element stays the same. These forms of an element are called isotopes.

	•  In Table 1.2, the three species are all isotopes of magnesium.

	•  The standard way of writing these particles in ‘shorthand’ form is [image: ]. In this form the element symbol is X, A is the nucleon or mass number (the number of protons plus neutrons in the nucleus), Z is the proton or atomic number (the number of protons in the nucleus) and n± is the charge (if any) on the particle.



Some elements have atoms with different atomic masses. These atoms have the same number of protons but different numbers of neutrons. They are isotopes and they have identical chemical properties. Most naturally occurring isotopes are stable but some, such as uranium and any artificially produced ones, are unstable and give off radiation.



[image: ]

NOW TEST YOURSELF


	1  Write out structures of the six species A–F described in Tables 1.1 and 1.2 using the form [image: ].
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Arrangement of electrons in atoms

As the number of protons in the nucleus increases, the masses of atoms increase. After hydrogen, this increase in mass is also due to the neutrons in the nucleus (Table 1.3).

Table 1.3




	Element
	Protons
	Neutrons
	Mass number





	H
	1
	0
	  1



	He
	2
	2
	  4



	Li
	3
	4
	  7



	Be
	4
	5
	  9



	B
	5
	6
	11



	C
	6
	6
	12






	•  The addition of electrons to form new atoms is not quite so straightforward because they go into different orbitals.

	•  The electrons also exist in different energy levels (sometimes called shells) depending on how close to, or far away from, the nucleus they are.

	•  The number of protons in a nucleus determines just what the element is. However, it is the arrangement of electrons that determines the chemistry of an element and how it forms bonds with other elements.

	•  So, for example, metal atoms tend to lose electrons, forming positive ions; non-metal atoms tend to accept electrons, forming negative ions.





[image: ]

KEY TERM

Orbitals are regions in space that can hold a certain number of electrons, and which have different shapes.

[image: ]




As more electrons are added, they go successively into orbitals of increasing energy, as shown in Figure 1.2.


[image: ]

Figure 1.2 Sequence of filling orbitals with electrons



Figure 1.2 illustrates some key points about the arrangement of electrons in atoms.


	•  The electrons are arranged in energy levels (or shells) from level 1, closest to the nucleus. Moving outwards from the nucleus, the shells gradually increase in energy.

	•  When filling up the energy levels in an atom, electrons go into the lowest energy level first.

	•  Most energy levels (except the first) contain sub-levels (or sub-shells) denoted by letters s, p and d.

	•  Different sub-levels contain different numbers of orbitals, with each orbital holding a maximum of two electrons.

	•  In sub-levels containing more than one orbital, each of the orbitals is populated singly before any are doubly filled.

	•  Figure 1.2 has one strange entry – the 4s-orbital has a lower energy than the 3d-orbital.



As the number of protons increases, the electron energy levels fill up in the following sequence: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p… (Table 1.4). This sequence can be followed in the Periodic Table.

Table 1.4




	Element
	Electronic configuration
	Element
	Electronic configuration





	Hydrogen
	1s1
	Carbon
	1s2, 2s2, 2p2



	Helium
	1s2
	Nitrogen
	1s2, 2s2, 2p3



	Lithium
	1s2, 2s1
	Oxygen
	1s2, 2s2, 2p4



	Beryllium
	1s2, 2s2
	Fluorine
	1s2, 2s2, 2p5



	Boron
	1s2, 2s2, 2p1
	Neon
	1s2, 2s2, 2p6







How big is an atom?

In theory, at least, it should be easy to define the radius of an atom as the distance from the nucleus to the edge of the atom (the limit of the atom’s electrons). Unfortunately, the term does not mean the same for every element.

Look at Figure 1.3. You can see three different types of radius. In (a) and (b) the atomic radius is half the internuclear distance, and this applies to metals and covalent molecules respectively. If we have a noble gas such as argon, it does not form molecules, so we use a value called the van der Waals’ radius – the radius of an atom which is not chemically bound to another atom.


[image: ]

Figure 1.3 Different ways of measuring atomic radius



Figure 1.4 shows the atomic radii of Period 3 elements. As we go across a period the increasing charge on the nucleus means the electrons are more firmly held and the atomic radius decreases. Since argon does not bond to other atoms we have to take a radius based on half the internuclear distance for argon in the solid state.


[image: ]

Figure 1.4 Atomic radii across Period 3



In an examination, you may be asked to deduce the electronic configuration of an atom (or ion) given its proton number (and any charge). The next example shows how to do this.



[image: ]

WORKED EXAMPLE

Element X, with proton number 16, forms an ion, X2−. What is the electronic configuration of the ion?

Answer

The ion contains an extra two electrons compared with the atom. This means that it contains a total of (16 + 2) or 18 electrons. Looking at Figure 1.2 you can see that these extra two electrons will fit into the remainder of the 3p-orbital, giving an electronic configuration of 1s2, 2s2, 2p6, 3s2, 3p6 for the ion X2−.

[image: ]




The different orbitals have different shapes. Cross-sections of these orbitals are shown in Figure 1.5.


[image: ]

Figure 1.5 Cross-sections of s-, p- and d-orbitals



The location of electrons in the different types of orbital can affect the shapes of molecules.



[image: ]

NOW TEST YOURSELF


	2  A particle can be written as [image: ].




	a  Write down the numbers of protons, neutrons and electrons in the particle.

	b  Write the electronic configuration of the particle.

	c  Find element Q in the Periodic Table. What do you notice is unusual about your answer to part a?



[image: ]






Ionisation energies

The first ionisation energy of an atom has a precise definition that you need to remember.



[image: ]

KEY TERM

A first ionisation energy is the energy required to convert 1 mole of gaseous atoms of an element into 1 mole of gaseous cations, with each atom losing one electron.

[image: ]




This can be represented as:

M(g) → M+(g) + e−

As you might expect, there are changes in the first ionisation energy values as the number of protons in the nucleus increases. This leads to a ‘2-3-3’ pattern for Periods 2 and 3, as shown in Figure 1.6.


[image: ]

Figure 1.6 Relationship between first ionisation energy and atomic number



The graphs shown in some textbooks look complicated. For the examination you need to know the principles of the change. In an examination you might be asked to explain:


	•  the general increase in first ionisation energy across a period – proton number/nuclear charge increases across the period; shielding by other electrons is similar; so there is a bigger attraction for the electrons

	•  the fall between Groups 2 and 3 and/or Groups 15 and 16 – for Groups 2 and 3 the electron is removed from a p-orbital; which is higher in energy than an electron in an s-orbital; so it is easier to remove. For Groups 15 and 16 there are paired electrons in one of the p-orbitals; this causes repulsion; which makes it easier to remove one of these electrons

	•  the big fall at the end of the period – an electron shell has been completed; which results in more shielding; so there is less attraction for the outer electrons.




Successive ionisation energies

Successive ionisation energies involve the removal of second and subsequent electrons, for example:


	•  second ionisation energy:
M+(g) → M2+(g) + e−



	•  third ionisation energy:
M2+(g) → M3+(g) + e−





Knowledge of successive ionisation energies for an unknown element enables us to deduce which group the element is in. You know that successive ionisation energies increase as outer electrons are removed, and that a big increase occurs when an electron is removed from a new inner orbital closer to the nucleus.



[image: ]

NOW TEST YOURSELF


	3  The graph in Figure 1.7 shows successive ionisation energies for an element Z. In which group of the Periodic Table is Z? Explain your answer.




[image: ]

Figure 1.7 Graph of successive ionisation energies for element Z
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REVISION ACTIVITY


	a  A particle can be described by the symbol [image: ]. How many protons, neutrons and electrons are in the particle?

	b  Compare the composition of particles of element X to those of the element with atomic number 19 in the Periodic Table. What is unusual about them?

	c  What do we call the energy change for the process shown here?
[image: ]



	d  Would you expect the energy change for the process described below to be smaller, the same or larger than that in part c? Explain your answer.
[image: ]
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END OF CHAPTER CHECK

By now you should be able to:


	•  describe the structure and size of atoms

	•  identify isotopes of elements and discuss their properties

	•  describe the number of electrons in atoms, their energy levels and atomic orbitals

	•  identify and explain trends in ionisation energies of atoms and their relationship with the Periodic Table
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