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Introduction


About this guide


This guide is for students following the AQA Chemistry A2 specification. It deals with Unit 4, Kinetics, Equilibria and Organic Chemistry. This unit covers 20% of the total A2 marks. The examination lasts 1 hour 45 minutes and consists of six to eight short-answer structured questions, of varying length, and two or three longer, structured questions, which require answers written in continuous prose. Some of the questions will have synoptic elements. All questions are compulsory. There are 100 marks available on this paper.


Questions in Unit 4 assume knowledge and understanding of the concepts of physical and organic chemistry covered at AS. In addition, there are many principles and concepts covered in Unit 4 that must be understood so that you can answer questions set in an unfamiliar situation.


The key to success


It is essential that you can recall the basic facts and definitions, but a deeper understanding of the subject is essential if you want to achieve the top grades. The key to success in chemistry is to understand the fundamental concepts and be able to apply them to new and unfamiliar situations. Good examination technique is also an important factor, enabling you to work more effectively in the exam and gain access to the marks needed for a top grade.


This guide allows you to look again at the content of the specification, to test yourself at the end of each section and to assess your own work. It is essential that you read through the examiner’s comments because they will help you improve your exam technique. Once you have completely worked through this guide, you will be very aware of your weak areas and it is these areas that you need to address. Make a list of these weak areas and discuss any problems with other students in your class and with your teacher.


Using the guide


This guide has three sections:




•  Introduction — this provides guidance on study and revision, together with advice on approaches and techniques to ensure you answer the examination questions in the best way that you can.


•  Content Guidance — this section is not intended to be a textbook. It offers guidelines on the main features of the content of Unit 4, together with particular advice on making study more productive.


•  Questions and Answers — this shows you the sort of questions you can expect in the unit test. Grade-A answers are provided; these are followed by examiner’s comments. Careful consideration of these will improve your answers and, much more importantly, will improve your understanding of the chemistry involved.





Revise a topic using the Content Guidance section as a guide. If there is something you do not understand, you should also refer to your own class notes and textbooks.


It is essential that you write down specific questions and discuss them with your teacher. For instance, ‘Please could you explain equilibria again’ is not a good use of your time if you understand most of the features of equilibria. ‘Please could you explain Kc and calculations involving Kc’ is more specific and shows that you have worked hard to identify weak areas.


Once you have revised a particular topic thoroughly, you should attempt the relevant questions in the Question and Answer section, without looking at the grade-A answer.


Compare your answer with the grade-A answer and estimate your own performance. A rough guide to use is 80% = grade A, 70% = grade B, 60% = grade C, etc. However, these grade boundaries are adjusted, depending on the individual paper and the performance of the candidates.


Read through the examiner’s comments to find out if you have made any of the common mistakes and to see how you could improve your technique. The comments also give some alternative answers.


Make a note of specific questions that caused you problems and discuss them with other students and your teacher.


Revision schedule




•  Plan your revision schedule carefully.


•  It is essential that you revise regularly.


•  Leave yourself enough time to cover all the material. You need to go through each topic once as a basic minimum, and then go through the weak areas again.


•  In the weeks leading up to the exam, it is the weak areas that you should be revising, not every topic.


•  In each revision session do not try to achieve too much. Revise one topic per session, e.g. bond enthalpies. Here is one way to structure your session:




–  revise from the Content Guidance section (and your own notes)


–  make a brief written summary (no more than an A4 sheet of paper)


–  attempt the questions


–  mark your answer


–  read the examiner’s comments





•  If you score a grade A, tick the relevant section of the specification. You must have a break before you start to revise the next topic.


•  If there are weak areas and questions that you clearly do not understand, then write down specific questions ready for discussion with your teacher.


•  Finally, make sure that you attempt some past-paper questions from the exam board and study the mark schemes carefully. Questions may be repeated or similar questions set.





Unit Test 4


If you have revised thoroughly, completed all the questions in this guide and discussed problems with other students and your teacher, you should enjoy the exam. If you have completed some AQA past papers, then the style of the paper will be familiar and you will recognise some questions in the exam because they will be similar to previous questions.


Do not begin to write as soon as you open the paper — quickly scan the questions first.


It is not essential that you answer the questions in order. If the first question is difficult, leave it to the end. It is essential that you answer all the questions.


You will have enough time to answer all the questions, provided you keep your answers concise and you do not include irrelevant information. It is easy to waste time writing out a section of your notes that is irrelevant to the question. Do not repeat the question when starting your answer. The key to exam success is achieving the maximum number of marks in the minimum number of words.


The mark allocation at the end of each question should be used to estimate the amount of detail needed in your answer. If there is 1 mark available, the examiner will be looking for a key word or phrase and certainly no more than one sentence. If there are 4 marks available, you should include four key points, which usually means writing four short sentences.


You will be assessed on your quality of written communication (QWC) in Section B of the exam paper. This will assess your ability to:




•  support claims with an appropriate range of evidence


•  show good use of information or ideas about chemistry


•  give well-structured arguments with minimal repetition or irrelevant points


•  express ideas accurately and clearly with only minor errors of grammar, punctuation and spelling





There are no discrete marks for the assessment of QWC but the examiner will consider these points before awarding the marks for your answers.


No marks are available for producing neat answers, but it certainly helps the examiners when they are marking your work. Untidy diagrams may become inaccurate and this definitely loses marks.
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This section covers the content of Unit 4: Kinetics, Equilibria and Organic Chemistry. In this Content Guidance section, the specification has been converted into user-friendly language and is in a format that is easy to remember. All the key facts, definitions and basic principles are covered but the section is not intended to be a textbook and you should consult a standard text and your notes for further detail. In order to achieve a top grade, it is essential that you understand fully the basic concepts and that you can apply them to unfamiliar situations.


The content of this unit falls into 11 sections, which are summarised below.


Kinetics: simple rate equations; determination of rate equation.


Equilibria: equilibrium constant Kc for homogeneous systems; qualitative effects of changes of temperature and concentration.


Acids and bases: Brønsted–Lowry acid–base equilibria in aqueous solution; definition and determination of pH; the ionic product of water, Kw; weak acids and bases, Ka for weak acids; pH curves, titrations and indicators; buffer action.


Nomenclature and isomerism in organic chemistry: naming organic compounds; isomerism.


Compounds containing the carbonyl group: aldehydes and ketones; carboxylic acids and esters; acylation.


Aromatic chemistry: bonding; delocalisation stability; electrophilic substitution; nitration; Friedel–Crafts acylation reactions.


Amines: base properties (Brønsted–Lowry); nucleophilic properties; preparation.


Amino acids: acid and base properties; proteins.


Polymers: addition polymers; condensation polymers; biodegradability and disposal of polymers.


Organic synthesis and analysis: applications.


Structure determination: data sources; mass spectrometry; infrared spectroscopy; nuclear magnetic resonance spectroscopy; chromatography.




Kinetics


This topic was covered in AS Unit 2, which concentrated on the factors that are essential for a successful reaction: collision, activation energy and orientation. Unit 2 also looked at the qualitative effect on reaction rate of changing conditions (concentration, temperature and the addition of a catalyst). All this knowledge is assumed here.


The kinetics section in Unit 4 is more concerned with the quantitative relationship between the rate of the reaction and the concentration of the reactants, which is shown by the rate equation.


Simple rate equations


The rate equation shows the relationship between the rate of reaction and the concentration of each reactant.
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Deriving a rate equation


The effect of concentration of a reactant on the initial rate of reaction can only be derived by experiment, it cannot be determined from the stoichiometry of the equation. Consider the following example:
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The initial rate of reaction was measured at constant temperature. The concentrations of A and B were varied and the following results obtained.
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In experiments 1 and 2, the concentration of reactant A is doubled and the concentration of B is constant. The rate of the reaction increases by a factor of 4 (from 2 × 10–4 mol dm–3 s–1 to 8 × 10–4 mol dm–3 s–1). The rate is proportional to [A]2 and the order is 2 with respect to reactant A.


In experiments 1 and 3, the concentration of reactant B is doubled and the concentration of A is constant. The rate of the reaction increases by a factor of 2 (from 2 × 10–4 mol dm–3 s–1 to 4 × 10–4 mol dm–3 s–1). The rate is proportional to [B]1 and the order is 1 with respect to reactant B.


The total order of the reaction is 2 + 1 = 3. This means that the rate is proportional to [concentration]3. When comparing experiments 1 and 4, the concentration of both reactants has doubled, so the rate would be expected to go up by a factor of 23, i.e. 8, so the unknown rate will be 16 × 10–4 or 1.6 × 10–3 mol dm–3 s–1.


The rate equation for this reaction is:
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Calculating the rate constant, k


Rearranging the rate equation gives:
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The rate constant can then be calculated by taking the data from any experiment. For example, using the data from experiment 1:
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In experiment 4, the rate constant can be used to predict the unknown rate of reaction.
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Units of the rate constant, k


The units of the rate constant vary according to the rate equation. Here a reaction of order 3 is used to show how to work out the units of k.




•  A typical rate equation is r = k[A]2[B]


•  This can be rearranged as: k = [image: 10-6.jpg]



•  Write out the units and cancel where possible: [image: 11-1.jpg]



•  Units of k: mol–2 dm6 s–1






Remember:




•  the units for rate are usually mol dm–3 s–1



•  the units for concentration are mol dm–3



•  when transferring mol2 from the bottom line to the top line it becomes mol–2



•  transferring dm–6 from the bottom line to the top line becomes dm6






The effect of temperature on the rate constant, k


An increase in temperature always leads to an increase in the rate of the reaction. An increase in temperature causes an increase in the average kinetic energy of the particles, so they move faster and this leads to an increased collision frequency. However, a more important factor is that the increased energy means more particles now exceed the energy of activation (the minimum energy for a reaction to occur), so there are many more successful collisions. This leads to a dramatic increase in the rate of the reaction.


In the rate equation, r = k[A]m[B]n, the only temperature-dependent feature is the rate constant. The rate constant increases exponentially with an increase in temperature.


Reaction mechanisms and the rate-determining step


Many reactions occur in a series of steps and only those reactants that take part in the slowest step (and any steps before the slowest step) will appear in the rate equation. It is the rate of the slowest step that is measured during a kinetic study; this step is the limiting factor for the rate of reaction as a whole and is known as the rate-determining step.


The mechanism of a reaction is the sequence of steps by which the reaction is believed to occur. A proposed mechanism must be consistent with the observed kinetic data and therefore the kinetic data for a reaction allow chemists to speculate about the mechanism by which the reaction takes place.


Example


The reaction of bromine with propanone in the presence of hydroxide ions can be represented by the overall equation:
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The rate equation deduced by experiment is:
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The rate-determining step does not involve bromine since changing the concentration of bromine does not affect the rate of the reaction. The proposed mechanism for the reaction involves two steps.


Step 1: CH3COCH3(aq) + OH-(aq) [image: rarr.jpg] CH3COCH2-(aq) + H2O(l)


Step 2: CH3COCH2-(aq) + Br2(aq) [image: rarr.jpg] CH3COCH2Br(aq) + Br-(aq)


Step 1 is the slow rate-determining step. Step 2 is very fast.


Note: you are not expected to recall examples of the rate-determining step for reactions; sufficient information will always be supplied for you to apply the principles to unfamiliar reactions.


Equilibria


You must be able to apply the concepts of equilibrium reactions met in Unit 2 and extend these to include quantitative aspects of equilibria.


Equilibrium constant, Kc, for homogeneous systems


Consider the following equilibrium:
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The equilibrium constant Kc is defined by the expression:
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•  ‘Homogeneous’ means all the species are in the same phase.


•  The equilibrium constant Kc is calculated from the concentrations in mol dm–3 at constant temperature.


•  The larger the value of Kc the more products will be present in the equilibrium mixture.


•  The units of Kc vary according to the number of reactants and products. If the numbers of moles of reactants and products are the same, then Kc will have no units.


•  The value of Kc is dependent on temperature. In an endothermic reaction, an increase in temperature will cause an increase in the value of Kc. In an exothermic reaction, an increase in temperature will cause a decrease in the value of Kc.


•  A change in concentration will alter the equilibrium position, but not the value of the equilibrium constant.
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