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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 page 4 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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Examiner’s tips and summaries


Throughout the book there are tips from the examiner to help you boost your final grade.


Summaries provide advice on how to approach each topic in the exams, and suggest other things you might want to mention to gain those valuable extra marks.
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Typical mistake


The examiner identifies the typical mistakes candidates 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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Definitions and key words


Clear, concise definitions of essential key terms are provided on the page where they appear.


Key words from the specification are highlighted in bold for you throughout the book.
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Check your understanding


Use these questions at the end of each section to make sure that you have understood every topic. 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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Online


Go online to check and print 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 page 4 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 examiner’s tips, examiner’s 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’ and ‘Check your understanding’ 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



•  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.
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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.








[image: ]








[image: ]






The day before the examination




•  Flick through these Revision Notes for useful reminders, for example the examiner’s tips, examiner’s 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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1 Rings, acids and amines
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Arenes


Structure of benzene


The French chemist August Kekulé suggested that benzene was a cyclic molecule with alternating C=C double bonds and C–C single bonds.
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However, there are three major pieces of evidence against this type of structure:




•  Compounds that contain C=C double bonds readily decolorise bromine. Benzene only reacts with bromine when hot and exposed to ultraviolet light or in the presence of a halogen carrier.


•  On average, the length of a 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 the hydrogenation of cyclohexene and benzene give a value for benzene that is about 150 kJ mol−1 lower than that expected from the alternating double bond-single bond model.
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Examiner’s tip


All chemistry papers have to examine the seven subsections of How Science Works. One of the subsections examines the ‘tentative nature of scientific knowledge’. The debate about the Kekulé and delocalised models of benzene structure fits into this category. Questions about this are common.
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The current model of benzene is that 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 and adjacent p-orbitals overlap so that delocalisation is extended over all six carbon atoms. The π-delocalised ring accounts for the increased stability of benzene as well as explaining the reluctance to react with bromine. In addition, it explains why all six carbon–carbon bond lengths are identical. Benzene is usually represented by the skeletal formula shown below.
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Electrophilic substitution


The π-delocalised rings make benzene very stable and the electron density in benzene is relatively low. However, benzene does react with electrophiles that have a full positive charge — an induced dipole in a molecule is not normally sufficient.


Catalysts are used to generate electrophiles such as NO2+, Cl+, Br+ and CH3+. The general equation 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:
    [image: ]



•  Electrophilic attack at the benzene ring:
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•  Regeneration of the catalyst:
    H+ + HSO4− → H2SO4
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Typical mistake


Candidates 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 (AlCl3 reacts with water)
Balanced equation: C6H6 + Cl2 → C6H5Cl + HCl
Mechanism:




•  Generation of the Cl+ electrophile:
    Cl2 + AlCl3 → Cl+ + AlCl4−



•  Electrophilic attack at the benzene ring:
    [image: ]



•  Regeneration of the catalyst:
    H+ + AlCl4− → AlCl3 + HCl





The chlorination of benzene is a Friedel–Crafts reaction in which AlCl3 behaves as a halogen carrier. Halogen carriers are able to accept a halide ion and to ‘carry it’ through the reaction. At the end of the reaction, the halide ion is released and the hydrogen halide is formed. All aluminium halides, iron(III) halides and iron can behave as halogen carriers.


Bromination of alkenes and arenes


You will recall from Unit F322 that alkenes, such as cyclohexene, react readily with bromine in the absence of sunlight, undergoing electrophilic addition reactions.
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The reaction is rapid and is initiated by the induced dipole in bromine.


Benzene also reacts with bromine but is more resistant, reacting much less readily than an alkene, such as cyclohexene. Benzene requires an electrophile with a full positive charge, Br+, which is generated in the presence of a halogen carrier. The resultant reaction is electrophilic substitution, not electrophilic addition. This is explained by the stability of the π-delocalised ring of electrons that is retained in most reactions of all arenes.


The relative ease of reaction of cyclohexene can be explained by the electron density:




•  Cyclohexene has a C=C double bond that has high electron density.


•  The π-electrons are localised between the two carbon atoms in the C=C double bond.


•  The electron density is sufficient to induce a dipole in the Br–Br bond and an electrophile is generated.


•  The electrophile is attracted to cyclohexene because of its high electron density.





Uses of arenes


Arenes such as benzene, methylbenzene and 1,4-dimethylbenzene are used as additives to improve the performance of petrol. They are manufactured by reforming straight-chain alkanes.


[image: ]


Benzene is the feedstock for a variety of products ranging from medicines, such as aspirin and benzocaine, to explosives such as 2,4,6-trinitromethylbenzene (TNT) and a range of azo dyes. Phenylethene (styrene) is also manufactured from benzene and is the monomer used to produce the polymer poly(phenylethene) or polystyrene.


Products made from benzene are of great value. However, benzene itself is carcinogenic and may cause leukaemia. Chlorinated benzene compounds are extremely toxic.
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Now test yourself





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



2 Methylbenzene, C6H5CH3, can be further nitrated to form 2,4,6-trinitromethylbenzene. Write a balanced equation for this reaction.





Answers on p. 92
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Phenols


In phenols, the –OH group is attached directly to the benzene ring. Phenol behaves as a weak acid. It also undergoes electrophilic substitution reactions much more readily than benzene.





[image: ]






Now test yourself





3 What is the molecular formula of 4-methylphenol?
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Phenol forms salts by reaction with both sodium and sodium hydroxide.
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Phenol reacts readily with bromine. The bromine is decolorised and white crystals of 2,4,6-tribromophenol are formed.
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Examiner’s tip


If you remember the definition of a salt it is easy to work out the formula of an organic salt. Simply replace the acidic H+ in the phenol (or carboxylic acid) with the metal ion (usually Na+).
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Unlike benzene, phenol does not require a halogen carrier and reacts instantly with bromine. This is explained by the activation of the ring due to delocalisation of one of the lone pairs of electrons on the oxygen atom into the ring. This increases the electron density which in turn polarises the halogen and increases the attraction for the halogen. The result is increased reactivity of phenol.


Uses of phenols


Phenols are used in the production of disinfectants and antiseptics such as 2,4,6-trichlorophenol (TCP) and in the production of plastics and resins.


Carbonyl compounds


Formation of aldehydes and ketones


The presence of the carbonyl group, C=O, in a molecule means that it is unsaturated. The position of the C=O group on the carbon chain determines whether or not the molecule is classified as an aldehyde or a ketone. Aldehydes always have the C=O at the end of the carbon chain.
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You met the carbonyl group in Unit F322 when you studied the chemistry of alcohols. Aldehydes and ketones are formed by the oxidation of alcohols using Cr2O72−/H+ (e.g. K2Cr2O7/H2SO4). This is bright orange and changes to green during the redox process. When oxidising a primary alcohol the choice of apparatus is important. Refluxing produces a carboxylic acid; distillation produces an aldehyde.
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Oxidation of a primary alcohol to an aldehyde by distillation, for example:
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Oxidation of a primary alcohol to a carboxylic acid by refluxing, for example:
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Oxidation of a secondary alcohol to a ketone, for example:
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Reactions common to both aldehydes and ketones


Reduction


Aldehydes and ketones can be reduced to their respective alcohols. Sodium tetrahydridoborate(III), NaBH4, is a suitable reducing agent. [H] is used to represent the reducing agent in equations representing organic reduction reactions.


Aldehydes are reduced to primary alcohols, for example:


CH3CH2CHO+ 2[H] → CH3CH2CH2OH


Ketones are reduced to secondary alcohols, for example:


CH3COCH3 + 2[H] → CH3CH(OH)CH3


NaBH4 is the source of the hydride ion, H:−, which is a nucleophile. The intermediate formed reacts with the solvent, H2O, to form the alcohol.


The mechanism of the reduction of ethanal with aqueous NaBH4 is shown below:
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Ketones behave similarly. The mechanism of the reduction of propanone with aqueous NaBH4 is shown below:
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Examiner’s tip


The nucleophilic addition mechanism is simplified if an acid, H+(aq), is added. The mechanism becomes:
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Characteristic tests for carbonyl compounds


Reaction with 2,4-dinitrophenylhydrazine


Candidates are not expected to be able to recall the formula of 2,4-dinitrophenylhydrazine (the abbreviation 2,4-DNPH is acceptable). The reactions with 2,4-DNPH) are important for two reasons:




•  2,4-DNPH reacts with a carbonyl compound to produce a distinctively coloured precipitate, which is usually bright red, orange or yellow. Therefore, this reaction can be used to identify the presence of a carbonyl group.


•  The brightly coloured organic product (the 2,4-DNPH derivative) is relatively easy to purify by recrystallisation. Therefore, the melting point of the brightly coloured precipitate can be measured. Each derivative has a different melting point, the value of which can be used to identify the specific carbonyl compound.





Reactions of aldehydes alone


Aldehydes and ketones can be distinguished by a series of redox reactions. Aldehydes are readily oxidised to carboxylic acids whereas ketones are not easily oxidised.


The Ag+ ion gains an electron and is, therefore, reduced to silver


[image: ]


Aldehydes react with Tollens’ reagent, which is an aqueous solution of Ag+ ions in an excess of ammonia, Ag(NH3)2+. When Tollens’ reagent is reacted with an aldehyde and warmed gently in a water bath at about 60°C, silver metal is precipitated which forms a distinctive silver mirror. This is a redox reaction — Ag+ ions are reduced to silver metal and the aldehyde is oxidised to a carboxylic acid.


The aldehyde is oxidised to a carboxylic acid


[image: ]


Tollens’ reagent does not react with ketones because they are not readily oxidised.


Oxidation of an aldehyde to a carboxylic acid can also be achieved by refluxing with acidified dichromate (H+/Cr2O72−). There is a colour change from orange to green.


Oxidation of an aldehyde to a carboxylic acid can be followed using infrared spectroscopy. The relevant absorptions are shown in the table below.






	Group

	Compounds

	IR absorption






	C=O

	Aldehydes, ketones, carboxylic acids

	1680–1750 cm−1







	O–H

	Carboxylic acids

	2500–3300 cm−1 (very broad)







The IR spectrum of ethanal is shown in Figure 1.1. The absorption due to the carbonyl group can be seen.
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Figure 1.1 Infrared spectrum of ethanal


The IR spectrum of ethanoic acid is shown in Figure 1.2. This spectrum shows the absorptions for both the C=O and O–H groups.
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Figure 1.2 Infrared spectrum of ethanoic acid





[image: ]






Now test yourself





4 (a) Name each of the following compounds:







         A
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         B
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         C
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         D
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         E
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         F
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   (b) Classify each of compounds A to F as an aldehyde or a ketone.


   (c) What is the molecular formula of compound F?


   (d) Identify the alcohols from which C and D could be prepared.


   (e) Compounds B and E are isomers of each other. Draw three other isomers of B and E.
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Carboxylic acids and esters


Carboxylic acids


All carboxylic acids contain the functional group:
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The carboxylic acid group can be attached to either a chain (aliphatic) or to a ring (aromatic), for example:


[image: ]


Carboxylic acids such as methanoic acid and ethanoic acid are soluble in water. The solubility is explained by the ability of carboxylic acids to form hydrogen bonds with water.


[image: ]


The solubility of carboxylic acids decreases with increased molar mass.


Carboxylic acids are acidic. Therefore they donate protons. However, they are weak acids, so dissociate only partially into their ions:


CH3CO2H(aq) [image: ] CH3CO2−(aq) + H+(aq)


They show typical reactions of acids and can form salts (carboxylates). In each of the examples that follows, the acid is ethanoic acid and the salt formed is sodium ethanoate:




•      acid    +    base    →    salt    +    water
CH3CO2H(aq) + NaOH(aq) → CH3CO2−Na+(aq) + H2O(l)


•      acid    +    (reactive) metal    →    salt    +    water
CH3CO2H(aq) + Na(s) → CH3CO2−Na+ (aq) + [image: ]H2(g)


•      acid    +    carbonate    →    salt    +    water    +    carbon dioxide
CH3CO2H(aq) + Na2CO3(aq) → CH3CO2−Na+(aq) + H2O(l) + CO2(g)
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Now test yourself





5 Write a balanced equation, including state symbols, for the reaction of HCO2H with:







   (a) Na(s)


   (b) NaHCO3(aq)
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