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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit 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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Summary




• 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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Questions & Answers
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About this book



This unit guide follows on from a series of two, which together cover the whole OCR AS chemistry specification A. This guide is written to help you prepare for the Unit F324 test: Rings, Polymers and Analysis.


The Content Guidance section gives a point-by-point description of all the facts that you need to know and concepts that you need to understand for Unit F324. It aims to provide you with a basis for your revision. However, you must also be prepared to use other sources in your preparation for the examination.


The Questions and Answers section shows you the sort of questions you can expect in the unit test. It would be impossible to give examples of every kind of question in one book, but the questions used should give you a flavour of what to expect. Each question has been attempted by two students, Student A and Student B. Their answers, along with the examiner’s comments, should help you to see what you need to do to score marks — and how you can easily not score marks even though you probably understand the chemistry.


What can I assume about the guide?


You can assume that:




• the topics covered in the Content Guidance section relate directly to those in the specification


• the basic facts you need to know are stated clearly


• the major concepts you need to understand are explained


• the questions at the end of the guide are similar in style to those that will appear in the unit test


• the answers supplied are genuine, combining responses commonly written by candidates


• the standard of the marking is broadly equivalent to the standard that will be applied to your answers





What can I not assume about the guide?


You must not assume that:




• every last detail has been covered


• the way in which the concepts are explained is the only way in which they can be presented in an examination (concepts are often presented in an unfamiliar situation)


• the range of question types presented is exhaustive (examiners are always thinking of new ways to test a topic)





Study skills and revision techniques


All students need to develop good study skills and this section provides advice and guidance on how to study A2 chemistry.



Organising your notes


Chemistry students often accumulate a large quantity of notes, so it is useful to keep these in a well-ordered and logical manner. It is necessary to review your notes on a daily or weekly basis, maybe rewriting the notes you take during lessons so that they are clear and concise, with key points highlighted. It is a good idea to check your notes using textbooks and fill in any gaps. Make sure that you go back and ask the teacher if you are unsure about anything, especially if you find conflicting information in your class notes and textbook.


It is essential to file your notes in specification order, using a consistent series of headings. The Content Guidance section can help you with this.


Organising your time


Preparation for examinations is a very personal thing. Different people prepare, equally successfully, in very different ways. The key is being honest about what works for you.


Whatever your style, you must have a plan. Sitting down the night before the examination with a file full of notes and a textbook does not constitute a revision plan — it is just desperation — and you must not expect a great deal from it. Whatever your personal style, there are a number of things you must do and a number of other things you could do.


Unit F324 contains lots of new terminology and concepts. There is also a large body of factual knowledge, relating to reagents and reaction conditions, which must be learnt.


The scheme outlined below is a suggestion as to how you might revise Unit F324 over a 3-week period.
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The revision timetable may not suit you, in which case write one to meet your needs. It is only there to give you an idea of how one might work. The most important thing is that the grid at least enables you to see what you should be doing and when you should be doing it. Don’t try to be too ambitious — little and often is by far the best way.


It would of course be much more sensible to put together a longer, rolling programme to cover all of your A2 subjects. Do not leave it too late. Start sooner rather than later.





Content Guidance


Required AS chemistry


Unit F324 aims to build upon the concepts developed during the AS course, particularly those first met in Unit F322: Chains, Energy and Resources. You are expected to use the concepts developed at AS organic chemistry. You are not expected to recall factual knowledge such as reagents and conditions for specific reactions.


You should be able to recall that organic chemicals can be grouped together to form homologous series, in which one member of the series differs from the next by CH2. Each member of a homologous series has a different group of atoms attached to the carbon chain or ring. This group determines the chemistry of the series and is referred to as the functional group. A general formula can be written for each homologous series.


You need to be able to use displayed, molecular, empirical, structural and skeletal formulae. You should be able to name individual chemicals, including structural isomers and E–Z (formerly known as trans- and cis-) isomers.
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You will also be expected to determine empirical formulae and to calculate atom economy and percentage yield from experimental data.


Terms first introduced at AS chemistry will be used and it is essential that these are fully understood. They include the following:




• radical — contains a single unpaired electron (e.g. Cl•)


• nucleophile — an electron-pair donor (e.g. OH−)


• electrophile — an electron-pair acceptor (e.g. H+)





It is unlikely that you will be tested on the specific mechanisms met in Unit F322. However, the concept of showing movement of electrons by the use of curly arrows is developed further and it is advisable to revise the three mechanisms encountered in AS organic chemistry:




• radical substitution in reactions between alkanes and halogens


• electrophilic addition in reactions between alkenes and halogens


• nucleophilic substitution in the hydrolysis of halogenoalkanes





Addition polymerisation was introduced at AS and is studied in more detail in this A2 unit. It is essential that you fully understand the basic ideas and can construct relevant polymers from a given monomer. Some common monomers and their corresponding polymers are shown in Figure 1.
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Figure 1





The section on alcohols is particularly relevant, as Unit F324 covers the oxidation of alcohols and looks at all three of the organic products (aldehydes, ketones and carboxylic acids). It is therefore essential that you can recall the relevant equations, reagents and conditions.





Module 1: Rings, acids and amines




Arenes


The simplest arene is benzene. Its composition by mass is C, 92.3% and H, 7.7%. Its relative molecular mass is 78.0. This information shows that the empirical formula is CH and the molecular formula is C6H6.


Structure of benzene


The chemist August Kekulé suggested that benzene was a cyclic molecule with alternating C=C double bonds and C–C single bonds (Figure 2).
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Figure 2





However, there are three major pieces of evidence against this type of structure:




• Compounds that contain C=C double bonds readily decolorise bromine. Benzene reacts with bromine only when boiled and exposed to ultraviolet light. This casts doubt on the existence of C=C double bonds in benzene.


• On average, the length of the C–C single bond is 154 pm, while the average length of a C=C double bond is 134 pm. All the bonds in benzene are 139 pm. This suggests an intermediate bond somewhere between a double bond and a single bond.


• Experimentally determined enthalpy changes for cyclohexene and benzene reacting separately with hydrogen give a value for benzene about 150 kJ mol−1 less than the alternating double-bond–single-bond model.





The current model of benzene takes these observations into account. Each carbon atom contributes one electron to a π-delocalised ring of electrons above and below the plane of atoms. Each carbon has one p-orbital at right angles to the plane of atoms (Figure 3).
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Figure 3





Each p-orbital overlaps with adjacent p-orbitals, so that delocalisation is extended over all six carbon atoms (Figure 4).
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Figure 4





The π-delocalised ring accounts for the increased stability of benzene, as well as explaining the reluctance to react with bromine. In addition, it also explains why all six carbon–carbon bond lengths are identical. Benzene is usually represented by the skeletal formula shown in Figure 5.




[image: ]

Figure 5
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Examiner tip


All chemistry papers have to examine the seven sub-sections of How Science Works. One of the sub-sections examines the ‘tentative nature of scientific knowledge’. The debate between the Kekulé model and the delocalised model fits into this category and you can expect it to be tested frequently.
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Knowledge check 1


State three pieces of evidence that cast doubt on the Kekulé model of benzene.
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Electrophilic substitution


As a result of the presence of the π-delocalised ring, benzene is very stable. However, benzene does react with electrophiles that have a full positive charge — an induced dipole in a molecule is not normally sufficient.


An electrophile is defined as an electron-pair acceptor. The most common electrophile is H+, and it is clearly pointless reacting benzene (C6H6) with H+. Catalysts are used to generate electrophiles such as NO2+, Cl+, Br + and CH3+. The general equation for this is:


C6H6 + X+ → C6H5X + H+


where X+ is the electrophile.



Nitration of benzene


Reagents: HNO3 and H2SO4 (catalyst)


Conditions: approximately 60°C


Balanced equation:


C6H6 + HNO3 → C6H5NO2 + H2O


Mechanism:




• Generation of the electrophile:
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• Electrophilic attack at the benzene ring:
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• Regeneration of the catalyst:





H+ + HSO4– → H2SO4
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Examiner tip


Students often take a great deal of care when drawing out the mechanism. They ensure the curly arrows are correctly placed but often lose a mark by forgetting to include the H+, which is substituted from the ring.
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Halogenation of benzene


Reagents: Cl2 and AlCl3 (catalyst)


Conditions: anhydrous


Balanced equation:


C6H6 + Cl2 → C6H5Cl + HCl
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Knowledge check 2


Methylbenzene, C6H5CH3, can be nitrated to form CH3C6H4NO2. Draw and name the isomers.
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Mechanism:




• Generation of the electrophile:





Cl2 + AlCl3 → Cl+ + AlCl4–




• Electrophilic attack at the benzene ring:
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• Regeneration of the catalyst:





H+ + AlCl4– → AlCl3 + HCl
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