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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book


This guide is the second of a series covering the Edexcel specification for AS and A-level chemistry. It offers advice for the effective study of topics 6–10, which are examined on AS paper 2 (together with topics 2 and 5 which are covered in the student guide covering topics 1–5 in this series) and on A-level papers 1, 2 and 3. The aim of this guide is to help you understand the chemistry — it is not intended as a shopping list, enabling you to cram for an examination. The guide has two sections:





•  The Content Guidance is not intended to be a textbook. It offers guidelines on the main features of the content of topics 6–10, together with advice on making study more productive.



•  The Questions & Answers section starts with an introduction that gives advice on approaches and techniques to ensure you answer the examination questions in the best way you can. It then provides exam-style questions with student answers and comments on how the answers would be marked.





The effective understanding of chemistry requires time. No one suggests that chemistry is an easy subject, but if you find it difficult you can overcome your problems by the proper investment of your time.


To understand the chemistry, you have to make links between the various topics. The subject is coherent and is not a collection of discrete modules. Once you have spent time thinking about chemistry, working with it and solving chemical problems, you will become aware of these links. Spending time this way will make you fluent with the ideas. Once you have that fluency, and practise the good techniques described in this book, the examination will look after itself. Don’t be an examination automaton — be a chemist.


The specification


The specification describes the chemistry that can be tested in the examinations and the format of those exams. It can be obtained from Edexcel, either as a printed document or from the internet at www.edexcel.com.


Learning to learn


Learning is not instinctive — you have to develop suitable techniques to make effective use of your time. In particular, chemistry has peculiar difficulties that need to be understood if your studies are to be effective from the start.



Planning


Efficient people do not achieve what they do by approaching life haphazardly. They plan — so that if they are working, they mean to be working, and if they are watching television, they have planned to do so. Planning is essential. You must know what you have to do each day and set aside time to do it. Furthermore, to devote time to study means you may have to give something up that you are already doing. There is no way that you can generate extra hours in the day.


Be realistic in your planning. You cannot work all the time and you must build in time for recreation and family responsibilities.


Targets


When devising your plan, have a target for each study period. This might be a particular section of the specification, or it might be rearranging of information from text into pictures, or drawing a flowchart relating all the reactions of alkanes and alkenes. Whatever it is, be determined to master your target material before you leave it.


Reading chemistry textbooks


A page of chemistry may contain a range of material that differs widely in difficulty. Therefore, the speed at which the various parts of a page can be read may have to vary, if it is to be understood. You should read with pencil and paper to hand and jot things down as you go — for example, equations, diagrams and questions to be followed up. If you do not write down the questions, you will forget them; if you do not master detail, you will never become fluent in chemistry.



Practising skills


Chemical equations


Equations are used because they are quantitative, concise and internationally understood. Take time over them, copy them and check that they balance. Most of all, try to visualise what is happening as the reaction proceeds. If you can’t, make a note to ask someone who can or — even better — ask your teacher to show you the reaction if possible. Chemical equations describe real processes; they are not abstract algebraic constructs.



Graphs


Graphs give a lot of information, and they must be understood in detail rather than as a general impression. Take time over them. Note what the axes are, what the units are, the shape of the graph and what the shape means in chemical terms.


Tables


These are a means of displaying a lot of information. You need to be aware of the table headings and the units of numerical entries. Take time over them. What trends can be seen? How do these relate to chemical properties? Sometimes it can be useful to convert tables of data into graphs.


Diagrams


Diagrams of apparatus should be drawn in section. When you see them, copy them and ask yourself why the apparatus has the features it has. What is the difference between a distillation and a reflux apparatus, for example? When you do practical work, examine each piece of apparatus closely so that you know both its form and its function.


Calculations


Do not take calculations on trust — work through them. First, make certain that you understand the problem and then that you understand each step in the solution. Make clear the units of the physical quantities used and make sure you understand the underlying chemistry. If you have problems, ask.


Always make a note of problems and questions that you need to ask your teacher. Learning is not a contest or a trial. Nobody has ever learnt anything without effort or without running into difficulties from time to time — not even your teachers.


Notes


Most people have notes of some sort. Notes can take many forms: they might be permanent or temporary; they might be lists, diagrams or flowcharts. You have to develop your own styles. For example, notes that are largely words can often be recast into charts or pictures and this is useful for imprinting the material. The more you rework the material, the clearer it will become.


Whatever form your notes take, they must be organised. Notes that are not indexed or filed properly are useless, as are notes written at enormous length and those written so cryptically that they are unintelligible a month later.


Writing


In chemistry, extended writing is often not required. However, you need to be able to write concisely and accurately. This requires you to marshal your thoughts properly and needs to be practised during your day-to-day learning.


Have your ideas assembled in your head before you start to write. You might imagine them as a list of bullet points. Before you write, have an idea of how you are going to link these points together and also how your answer will end. The space available for an answer is a poor guide to the amount that you have to write — handwriting sizes differ hugely, as does the ability to write succinctly. Filling the space does not necessarily mean you have answered the question. The mark allocation suggests the number of points to be made, not the amount of writing needed.





Content Guidance


Topic 6 Organic chemistry I


Topic 6A Introduction to organic chemistry


Organic chemistry is dominated by a number of homologous series, arising from the presence of one or more functional groups (see below) in a molecule. The huge variety of organic compounds arises from the fact that organic chemistry is rather like atomic Lego, as you will realise if you have used molecular model kits.
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Exam tip


Most organic compounds burn in excess air to form carbon dioxide and water.
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Homologous series


A homologous series is a series of compounds that:





•  have a common general formula



•  differ by CH2




•  show a trend in physical properties, for example boiling temperature



•  show similar chemical properties since all members of the same homologous series have the same functional group





The alkenes are an example of a homologous series in that:





•  their general formula is CnH2n (though not all compounds with this general formula are alkenes)



•  they have a C=C double bond (which other compounds with the same general formula do not have)



•  there is no alkene with only one carbon atom since there could not be a C=C bond





The first three straight-chain compounds in the series are ethene, CH2=CH2, propene, CH3CH=CH2, and butene. Butene has structural and geometric isomers (see pp. 13–15), one of which is but-1-ene, CH2=CHCH2CH3. The boiling temperatures of these three alkenes are −104°C, −47.7°C and −6.2°C respectively. All three react rapidly with bromine water, with potassium manganate(VII) solution, and with all the other reagents given on pages 22–23.


Functional groups


A functional group is a small group of atoms or perhaps a single atom that determines the chemistry of a molecule. The homologous series and functional groups required for AS and A-level are given in Table 1. The atoms in bold are the functional groups and R represents an organic group.
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Naming and drawing organic compounds


In organic chemistry, the structure of a compound is central to its chemistry. All but rather simple molecular formulae give rise to a variety, sometimes enormous, of different structures.
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Knowledge check 1


Identify the functional groups in CH3CH(OH)CH2CH=CH2.
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Nomenclature


The International Union of Pure and Applied Chemistry (IUPAC) has generated a series of rules giving organic compounds systematic names. Knowing the rules and the systematic name of a compound means the formula can be written, and vice versa.


The names may be long if the compounds are large. Systematic names are used in the Edexcel specification for most organic substances, though there are exceptions, for example the amino acid, glycine. However systematic names are less common in chemistry beyond school level. This is partly because American textbooks and chemical suppliers do not often use them and partly because the names are unwieldy if more than five or six carbon atoms are involved.
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The rules for naming alkanes are given below, with some examples. These rules are built on to name other types of organic molecule.





•  Identify the longest carbon chain — take care with this since structures can be written with 90° bond angles that may mask the longest chain. Thus the compound shown in Figure 1 has a four-carbon longest chain, not three carbons.



•  The name is based on the alkane with the same number of carbon atoms as the longest chain.



•  Substituent groups have the name ending changed to -yl.
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Knowledge check 2


Name the compound shown in Figure 1.
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This is illustrated for alkanes up to C5 in Table 2.
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•  The position of each substituent group is indicated by a number. This corresponds to the position in the chain of the carbon atom to which it is attached, so that the number of the substituent group is the lowest possible. However, for substances such as carboxylic acids, RCOOH, where the functional group is at the end of a chain, the carbon atoms are always numbered from that end.



•  Different series of compounds have the name-ending modified to indicate which homologous series is involved.



•  Where two groups that are the same are substituted on a given carbon atom, the number is repeated and the substituent is prefixed ‘di’.



•  Where two groups that are the same are on different carbon atoms, ‘di’ is still used. If there are three groups the same on different carbons then ‘tri’ is used, if there are four groups then ‘tetra’ is used, and so on.
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Knowledge check 3


Name CH3CH=C(CH3)CH(CH3)CH2CH3.
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Examples of systematic names


Alkanes


See Figure 2.
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Alkenes


The position of the double bond (or bonds) is given by the number of the carbon atom that the double bond starts from (Figure 3).
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Halogenoalkanes


See Figure 4.
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Alcohols


See Figure 5.
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Aldehydes


See Figure 6.
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Ketones


See Figure 7.
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Carboxylic acids


See Figure 8.
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Drawing organic molecules





•  The empirical formula of an organic molecule shows the simplest ratio of the atoms of its component elements.



•  The molecular formula shows the actual number of atoms of each element.
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Exam tip


Never use an ambiguous molecular formula such as C2H4Br2—use a structural formula, such as CH3CHBr2 or CH2BrCH2Br.
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Butane has the empirical formula C2H5 and the molecular formula C4H10. The molecular formula of an organic compound may not be particularly useful, since there is usually more than one possible structure — for example, C4H10 has three possible structures. This problem is overcome by presenting formulae in different ways:





•  Structural formulae show most of the structure, but not all of the bonds are shown. The side-chain substituents are shown in parentheses.



•  Displayed formulae show all of the bonds.



•  Skeletal formulae are used widely for natural products and other large molecules. They show the carbon skeleton by lines (which represent the bonds joining the atoms). Hydrogen atoms, unless bonded to oxygen or nitrogen, are not shown. All other types of atom are shown.





Consider the molecule 2-methylbutane. Four representations of its structure are shown in Figure 9.
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Exam tip


The structural formula with the side-chain substituents in parentheses is useful for typing on a single line. The semi-displayed formula would be used in hand-written material.
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The example of cis-but-2-enoic acid illustrates how to represent C=C double bonds and atoms other than carbon (Figure 10).
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Isomerism


There are two different types of isomerism required at AS.



Structural isomerism


Structural isomers are compounds that have the same molecular formula but different structural formulae. The first three alkanes, CH4, CH3CH3 and CH3CH2CH3, have only one possible structure in each case. However the fourth, CH3CH2CH2CH3, has a structural isomer in which the atoms are arranged differently (Figure 11).
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In the case of the alkanes, the structural isomers are also alkanes. However, structural isomers may be of different types. The molecular formula C2H6O could represent ethanol, CH3CH2OH, or methoxymethane, CH3OCH3, which is an ether. This is sometimes called functional group isomerism.


The number of structural isomers rises rapidly with the number of carbon atoms in the compound. For example, pentane has two other structural isomers, so there are three structures that have the molecular formula C5H12 (Figure 12). The numbers of isomers of some other alkanes are shown in Table 3.
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Knowledge check 4


Draw the skeletal formulae of the three isomers of molecular formula C5H12.
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	Alkane

	Number of isomers






	C8H18


	18






	C10H22


	75






	C12H26


	355






	C14H30


	1858






	C20H42


	366 319






	C25H52


	36 797 588






	C30H62


	4 111 846 763






	C40H82


	62 491 178 805 831







Table 3 Numbers of isomers of the alkanes
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Exam tip


Because the number of potential structures can be large (even for small compounds), you should always use the structural formula to eliminate ambiguity.
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Geometric isomerism


Geometric isomerism is a subset of stereoisomerism. The isomers have different orientation in space and it can result from restricted rotation about a carbon–carbon double bond, provided that the groups on a given carbon in the C=C bond are not the same. Thus in Figure 13 ‘a’ and ‘e’ must be different, as must ‘b’ and ‘d’. The groups do not all have to be different from one another.
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Figure 14 shows two geometric isomers. These are cis- and trans-1,2-dichloroethene. In cis-isomers the substituent groups, in this case the chlorine groups, are on the same side of the C=C bond. In trans isomers the substituent groups are on opposite sides of the C=C bond.
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