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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.


Tick to track your progress


Use the revision planner on pages 4 and 5 to plan your revision, topic by topic. Tick each box 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 ticking off each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.
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Features to help you succeed
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Examiners’ tips and summaries


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


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


The author identifies the typical mistakes candidates make and explain how you can avoid them.
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Definitions and key words


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


Key words from the specification are highlighted in bold throughout 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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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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Revision activities


These activities will help you to understand each topic in an interactive way.
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Online


Go online to check your answers to the exam questions and try out the extra quick quizzes at www.therevisionbutton.co.uk/myrevisionnotes
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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 4 and 5 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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4–6 weeks to go




•  Read through the relevant sections of this book and refer to the examiners’ tips, examiners’ 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.therevisionbutton.co.uk/myrevisionnotes



•  Use the revision activities to 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 examiners’ tips, examiners’ 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 examination.








[image: ]







[image: ]


1 Atomic structure
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The structure of atoms


Protons, neutrons and electrons




Table 1.1 Fundamental particles






	Particle

	Relative charge

	Relative mass






	Proton

	+1

	1






	Neutron

	0

	1






	Electron

	−1
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The atomic number (Z) and mass number (A) can be used to deduce the number of protons, neutrons and electrons in any atom or ion.


To calculate the number of neutrons in the nucleus, the atomic number (equal to the number of protons) is subtracted from the mass number (equal to the number of protons + neutrons).


For example, atoms of the elements calcium, fluorine and phosphorus are represented as


[image: ]


Atoms do not have an overall charge because the number of positively charged protons is the same as the number of negatively charged electrons. However, when an ion forms — either by losing or by gaining electrons — there is an overall charge because there will be an unequal number of positive charges and negative charges.
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Examiners’ tip


Remember that when atoms lose electrons they form positively charged ions; when atoms gain electrons they form negatively charged ions.
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Isotopes


Many elements exist as isotopes. In a sample of chlorine, for example, 75% of the chlorine atoms have a mass number of 35 and 25% have a mass number of 37. These atoms have different masses because they have different numbers of neutrons.


In Table 1.2, the numbers of protons, neutrons and electrons are indicated for all three isotopes of carbon in which the differing numbers of neutrons are indicated.




Table 1.2 The isotopes of carbon


[image: ]




Mass spectrometry


The mass spectrometer


The mass spectrometer is a device that enables substances (elements or compounds) to be analysed by determining the masses of ions formed.
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Figure 1.1 Diagram of a mass spectrometer





There are four stages involved in analysing a sample:





1 Ionisation — a high-energy beam of electrons from the electron gun removes the highest energy (outer) electron from a molecule or an atom, forming a positively charged ion. For example, using aluminium:


    Al(g) → Al+(g) + e−




2 Acceleration — the positively charged ion is accelerated towards a negatively charged electrode; this provides all ions with the same kinetic energy.



3 Deflection — the positively charged ions are forced into a circular path using a strong magnetic field. Ions are sorted out according to their mass; the lower the mass of the ion the greater the degree of deflection.



4 Detection — ions of different masses are detected electronically. Each produces a small, electrical current that can be amplified and displayed on a computer, and a mass spectrum is produced.
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Examiners’ tip


Equations showing ionisation processes that take place in a mass spectrometer occur in the gas phase, so make sure that state symbols are added to equations showing ionisations.
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Revision activity


Try to make up an acronym that will help you to remember the main processes involved when analysing a sample in a mass spectrometer.
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How to interpret a mass spectrum


The mass spectrum of lead is shown in Figure 1.2.
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Figure 1.2 The mass spectrum of lead
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Examiners’ tip


In a mass spectrum, mass-to-charge ratio is measured on the horizontal axis and relative abundance is measured on the vertical axis. The charge of an ion is normally designed to be +1. In a few cases, a +2 ion may form when a second electron is removed.
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Revision activity


Look up on the internet an element of your choice and find out about the relative abundances of its isotopes. Then work out the element’s relative atomic mass for practice at this type of calculation.
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•  In the spectrum there are four peaks. This means that there are four isotopes of lead in the sample: 204Pb, 206Pb, 207Pb and 208Pb.


•  There is more 208Pb than any other lead isotope because this is the tallest peak — this isotope gives the peak with the highest abundance.


•  You can calculate a value for the relative atomic mass (Ar) of lead by multiplying each mass number by its abundance (as a percentage) and then adding them all together. If the abundances in this case are 204Pb (4.9%), 206Pb (23.2%), 207Pb (19.2%) and 208Pb (52.7%), the calculation will be:





Ar for lead = [image: ]


Mass spectrometers allow relative molecular masses to be determined with a high degree of precision. Mass spectrometers can be used in planetary space probes to analyse samples of material found on other planets, and this information can then be beamed to Earth.
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Now test yourself





1 Deduce the number of protons, neutrons and electrons in each of:







   (a) [image: ]



   (b) [image: ]



   (c) [image: ]



   (d) [image: ]









2 Calculate the relative atomic mass for a sample of krypton from the data in the table below. Give your answer to 2 decimal places.
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3 A sample of boron is found to have a relative atomic mass of 10.8. Assuming that there are only two isotopes of this element, 10B and 11B, determine the percentage of each isotope in the sample.





Answers on p. 103
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Electron arrangement


Electronic configurations


Electrons occupy energy levels (or shells) when orbiting an atomic nucleus. Energy levels are made up of sub-levels, or sub-shells.
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Examiners’ tip


Sub-levels are made up of orbitals and one orbital of any type can only hold up to two electrons.
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Sub-levels fill up in the order shown in Figure 1.3, lowest energy first.




[image: ]

Figure 1.3 Arrangement of sub-shells





You can write an electronic configuration for an atom or an ion by putting the correct number of electrons into each sub-level: 2 electrons in an s-sub-level; 6 electrons in a p-sub-level; 10 electrons in a d-sub-level and 14 in an f-sub-level.
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Examiners’ tip


Notice that the 4s-sub-level fills up before the 3d-sub-level; this means that the 4th energy level starts to fill up before the 3rd energy level has been filled completely.





[image: ]







Table 1.4 Some electron configurations
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Now test yourself





4 (a) Lithium (Z = 3), sodium (Z = 11) and potassium (Z = 19) are the first three members of group 1 of the periodic table. Write out each element’s electronic configuration.







   (b) An ion of charge +3 has the electronic configuration 1s2, 2s2, 2p6. What is the atomic number, Z, for the ion?





Answers on p. 103
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Ionisation energies


First ionisation energy


The equation to represent the first ionisation energy of calcium is:


Ca(g) → Ca+(g) + e−


A plot of first ionisation energy against atomic number is shown in Figure 1.4. This graph can provide valuable evidence for the electron arrangement in levels.




[image: ]

Figure 1.4 First ionisation energy graph





Energy levels


It is possible to remove more than one electron from an atom if the energy of the bombarding electrons is sufficient. For example, the 3rd ionisation energy of argon is represented as:


Ar2+(g) → Ar3+(g) + e−


Successive ionisation energies for elements give valuable evidence about the existence of energy levels.




[image: ]

Figure 1.5 Graph of log10(ionisation energy) versus number of the electron being removed for oxygen





From Figure 1.5, it can be seen that:




•  there is a large jump in ionisation energy required moving from the 6th to the 7th electron removal


•  6 electrons are relatively easy to remove from the nucleus, whereas 2 electrons are a lot more difficult to remove.
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Now test yourself





5 (a) Sketch a graph to show the successive ionisation energies for silicon, Z = 14.







   (b) Write an equation to show the 4th ionisation energy of phosphorus, P.





Answers on p. 103
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The explanation is that the 8 electrons must exist in two separate energy levels — 2 electrons are in an energy level closest to the positive charge of the nucleus and are therefore harder to remove. The other 6 electrons are in a higher energy level further from the nucleus and are therefore easier to remove.


Evidence for energy levels


Variation of first ionisation energies down a group


The peaks in the graph of first ionisation energies (Figure 1.4) show that ionisation energy falls down group 0. This fall in ionisation energy applies on moving down all groups.


The explanation is:




•  despite the increased nuclear charge, the electron being removed is in a new energy level which is progressively further from the nucleus


•  the energy levels inside the extra energy level provide extra shielding for the removed electron from the attraction of the positively charged nucleus


•  the net effect is to decrease the ionisation energy.





Evidence for energy sub-levels


Variation of first ionisation energies across period 3 from left to right


The trend in first ionisation energies is a general increase across period 3 from sodium to argon.


The explanation is




•  the electrons are being removed from the same electron energy level


•  the nuclear charge is increasing as more protons are being added from left to right


•  the electron experiences a greater attraction as the atom increases in atomic number.





Although the general trend is for ionisation energy to increase from left to right across a period, there are two small decreases.


From group 2 to group 3: magnesium to aluminium


The explanation for the decrease is:




•  despite the increased nuclear charge, the added electron is in a new p-sub-shell of slightly higher energy, and this is slightly further from the nucleus


•  the s2 electrons, for the group 3 element, provide some shielding


•  the overall effect is for the ionisation energy to decrease.





From group 5 to group 6, phosphorus to sulfur


The explanation for the decrease is:




•  despite the increased nuclear charge, the electron from the group 6 element is being removed from a p4 configuration:







[image: ]

Figure 1.6 Arrangement of electrons in orbitals







•  there are four electrons in a p-sub-level, so two of these must be paired in one orbital


•  this electron–electron repulsion lowers the attraction between the fourth electron and the nucleus


•  so the electron is easier to remove.
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Exam practice





1 (a) Write the electron configuration of an Al+ ion.


[1]







   (b) (i) State the meaning of the term ‘first ionisation energy’.


[2]







        (ii) Write an equation, including state symbols, to show the reaction that occurs when the second ionisation energy of aluminium is measured.
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