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Introduction


About this guide


This guide is written for students studying the OCR (A) AS/A2 Chemistry course. It provides advice on the AS and A2 practical skills in chemistry units F323 and F326. The guide should be used in conjunction with the instructions you get from your teacher.


The guide is structured as follows:




•  The introduction gives general advice on how to use this guide and matters to do with practical work.


•  The second section gives advice on the qualitative tasks with some example tasks to enable you to test your understanding.


•  The third section gives advice about quantitative tasks, with examples.


•  The final section gives advice about the evaluative tasks, with examples.





The assessments


At both AS and A2, you are assessed on three different types of task. The qualitative task is marked out of 10 and involves doing an experiment, observing what happens, recording the results and making simple inferences from what has been observed. The quantitative task is marked out of 15 and involves carrying out an experiment, making careful measurements, recording the results and using them to come to a conclusion. The evaluative task, which carries 15 marks, requires you to interpret the results of an experiment and consider weaknesses in the practical procedure used and the measurements made. Methods that could be used to improve the experiment and the effect of any change to the procedure might also be tested. At AS and particularly at A2, an understanding of the theory on which the practical procedures are based is expected. Three different experiments are available for each type of task and, if more than one experiment is attempted in each category, the best mark scored is submitted for the examination.


How to use this guide


This book contains a lot of detailed information and it is not intended that you should read it from cover to cover. However, when doing an experiment in class you may find it helpful to refer to the section of the book in which some of the issues relevant to that type of practical are considered. For example, if you are doing a qualitative exercise, you should check that section of the guide and note the common mistakes that are made. The section on quantitative tasks (pp. 28–38) contains a useful reminder of the correct way to handle pipettes, burettes and volumetric flasks. Only practice will give you the competence level you need but if the apparatus is not used correctly, you will not be able to obtain consistent results. Marks are awarded for recording results correctly and you can use this guide to confirm that you are doing this. The correct use of significant figures is very important, and there is a section that explains good practice (pp. 35–37).


Although this guide covers most of the common errors and misunderstandings, you should not assume that it is comprehensive. The wide variety of possible experiments means that it is not possible to cover every variation in the questions that could be asked. The purpose of the tasks is to make you think carefully about what you do. You will be given plenty of time to complete a task. It is a mistake to rush to describe an observation or put down an answer when a moment’s thought would allow you to avoid an unnecessary error. This applies particularly to the evaluative tasks, which, since they may refer to experiments that are less familiar, are the hardest to prepare for and to answer. Don’t be frightened by them — they always contain some straightforward questions, which, if you don’t panic, you should be able to answer.


Some topics not included


There are some things that you will not find in this book. The background theory of the topics that are assessed can be found in any good textbook. The quantitative task, and often the evaluative task, may contain a calculation and part of your preparation must be to make sure you know how to handle the steps involved. In particular, it is worth emphasising that writing equations is likely to appear in all the tasks and you must make sure that you know how to write formulae and balance equations without making mistakes.


In the tasks, you will be provided with essential safety information. However, you should also have learned the correct way to handle apparatus and chemicals safely and it is possible that you might be asked to provide some comment that indicates you are familiar with normal precautions.


The exemplar tasks


Three sections of this guide contain examples of the kinds of task you may expect to see in the assessments. These are not past examination questions, as OCR does not release them. However, they are designed to illustrate as closely as possible questions that might be asked. Where an assessment requires you to carry out an experiment, the task will contain full details of the practical procedure to be used. Complete details are not included in the exemplars provided in this book, as they are not always necessary in order to understand the questions that follow. Nevertheless, there is sufficient information to allow you to appreciate what would be involved.


Not all possible topics are covered by the exemplars but they do illustrate mistakes that are commonly made and which apply to experiments of a similar type.


Where a task relates specifically to A2 work, this is indicated. However, A2 students should note that many of the issues covered in the AS exemplars are still relevant to their work.


Tackling a task


An important point to emphasise is that you should always read the instructions carefully and then follow them exactly. When giving the details of an experiment, great care has been taken by OCR to make sure that everything will work as intended. Do not be tempted to change the procedure in any way — even if you have carried out a similar experiment in class using a slightly different method.


Never give up on a task even if you feel it is not going well. It is possible to gain credit for an answer that is only partially correct. In calculations, if you make a mistake in an early part, it does not mean that you will lose all the marks for the subsequent steps. The evaluative tasks do contain some demanding questions and you may be unsure of the correct response. However, you should always suggest a possible answer and then carry on — often, easier questions follow.
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This section describes and explains the three types of tasks you will be assessed on.




•  The qualitative task requires you to do an experiment, observe what happens, record the results and make simple inferences from your observations.


•  The quantitative task requires you to carry out an experiment, make careful measurements, record the results and use them to come to a conclusion.


•  The evaluative task requires you to interpret the results of an experiment and consider weaknesses in the practical procedure used and the measurements made. Methods that could be used to improve the experiment and the effect of any change in the procedure might also be tested.







Qualitative tasks


Students often imagine that the qualitative task will be the most straightforward of the three assessed tasks. It may seem that little skill is required, apart from the ability to follow instructions, write down what is seen and come to simple conclusions. In practice, it is all too easy to carry out an experiment carelessly and fail to notice changes that more careful inspection would have made obvious. Marks are also often lost by the inability to record these observations correctly. To avoid these difficulties careful preparation and attention to detail are necessary.


What knowledge is required?


Knowledge of a small number of practical tests and, in some cases, what can be deduced from them is essential. These are listed below. You are not expected to have a detailed knowledge of the theory on which the tests are based and any deductions that might be required will be straightforward.


AS and A2


The reaction of dilute acids with metals, oxides, hydroxides and carbonates


In each case, you should be prepared to write a balanced equation for the reaction that takes place.


The more reactive metals such as magnesium, iron and zinc react with dilute acids to produce a salt. Hydrogen is given off, so you will see bubbling as the grey metal reacts. A solution of the salt is obtained. For example:


Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)


It is possible to identify the hydrogen because it gives a ‘pop’ when a lighted splint is held in the gas.


Most oxides and hydroxides are insoluble in water (except those of group 1 and to a lesser extent calcium hydroxide and barium hydroxide) but they do react with acids to form a salt. What is seen is simply the solid dissolving to form a solution. No gas is given off so there is no bubbling. For example:


CuO(s) + 2HCl(aq) → CuCl2(aq) + H2O(l)


Mg(OH)2(s) + H2SO4(aq) → MgSO4(aq) + 2H2O(l)


Most carbonates are insoluble in water. When acids are added they bubble vigorously and a salt is formed. The bubbles are carbon dioxide. For example:


CaCO3(s) + 2HNO3(aq) → Ca(NO3)2(aq) + CO2(g) + H2O(l)


Although what you see is similar to the reaction of metals and acids, carbonates are usually easily distinguished by their appearance.


Carbon dioxide can be identified if the gas is bubbled into limewater because a white precipitate is formed. Although the word ‘milky’ is often used to describe this precipitate, it is best avoided if you are asked to record this as an observation.


In all the cases given above, the acid is neutralised during the course of the reaction. This can be observed if an acid–base indicator is used.


The effect of heat on carbonates (thermal decomposition)


The carbonates of group 1 metals do not decompose on heating, but all the others do. In all cases, an oxide is formed and carbon dioxide is given off. For example:


MgCO3(s) → MgO(s) + CO2(g)


Often the temperature has to be quite high to start the decomposition and sometimes, because there is no colour change, it is not obvious that anything has occurred. For example, all group 2 carbonates and oxides are white. However, copper(II)carbonate is green and copper(II) oxide is black, so this would be observed easily. Zinc carbonate is unusual in that it is white when cold but pale yellow when hot.


The reaction of aqueous silver nitrate with solutions of chlorides, bromides and iodides


In all three cases, a precipitate of the silver halide is obtained. However, the precipitates have different colours: silver chloride is white, silver bromide is cream and silver iodide is yellow. Be careful to let the precipitates settle before deciding on the colour, particularly if the solution from which they are obtained is coloured. The colour should allow you to tell the precipitates apart but, since the colours are fairly similar, the addition of aqueous ammonia is sometimes used:




•  Silver chloride dissolves in dilute aqueous ammonia.


•  Silver bromide dissolves in concentrated aqueous ammonia.


•  Silver iodide does not dissolve.





You might be asked to write full or ionic equations for these reactions. For example:


AgNO3(aq) + NaCl(aq) → AgCl(s) + NaNO3(aq) 
Ag+(aq) + Cl−(aq) → AgCl(s)


The reactions of halogens and halide ions


Chlorine reacts with bromides and bromine is formed. This appears as either a yellow colouration if the concentration of bromine is low or brown if more bromine is formed. Again, either a full equation or an ionic equation might be expected — for example:


Cl2(aq) + 2KBr(aq) → Br2(aq) + 2KCl(aq) 
Cl2(aq) + 2Br−(aq) → Br2(aq) + 2Cl−(aq)


Chlorine reacts with iodides to form iodine. The colour observed can be confusing because the iodine formed may appear to be brown, grey or purple depending on the concentrations of the solutions.


Cl2(aq) + 2I−(aq) → I2(aq) + 2Cl−(aq)


Bromine also reacts with iodides to form iodine. This is a reaction that can be easily missed because the brown bromine may produce a brown solution of iodine.


Two reactions of organic compounds




•  If drops of bromine water are added to an alkene, the bromine loses its colour. This is a useful test to show that a compound contains a C∇C double bond (i.e. it is unsaturated). The reaction between ethene and bromine is an example:


CH2CH2 + Br2 → CH2BrCH2Br


•  When a primary or secondary alcohol is warmed with an acidified solution of potassium dichromate the colour changes from orange to green. A primary alcohol is oxidised first to an aldehyde and then to a carboxylic acid. A secondary alcohol is oxidised to a ketone. Tertiary alcohols are not oxidised, so no colour change is observed. If you are asked to write an equation you should use [O] to represent the oxidising agent. The oxidation of ethanol (primary alcohol) to ethanoic acid is an example:


CH3CH2OH + 2[O] → CH3COOH + H2O





A2 only


Further organic reactions




•  Phenols, like alkenes, react with bromine water and decolorise it. Unlike alkenes, when sufficient bromine is added a white precipitate is formed. This can be used to distinguish phenols from other types of alcohol.


•  Compounds that contain a carbonyl functional group can be distinguished from other compounds because they react with a solution of 2,4-dinitrophenylhydrazine (2,4-DNPH) to produce a yellow or orange precipitate. For this test to work reliably it is essential to add an excess amount of the 2,4-DNPH compared with the carbonyl compound. This is because the precipitate that forms is soluble in carbonyl compounds and may dissolve if too much of the latter is used.


•  Aldehydes can be distinguished from ketones using Tollens’ reagent. When an aldehyde is warmed gently in a water bath with Tollens’ reagent, a precipitate of silver is produced. If all the glassware used is clean this appears as a silver ‘mirror’ although more often the precipitate is observed as a grey powder. This is a redox reaction and ketones do not react because they cannot be oxidised.





Recognising the type of reaction that is taking place


Precipitation


Precipitation occurs when two solutions are mixed and, as a result, an insoluble substance is formed. The first observation is that the contents of the test tube become ‘cloudy’. Then, after some time, a solid settles out and the solution above it becomes clear. Transition metal ions form hydroxide precipitates with aqueous sodium hydroxide and aqueous ammonia. An example is the formation of a dark green precipitate of iron(II) hydroxide:


FeSO4(aq) + 2NaOH(aq) → Fe(OH)2(s) + Na2SO4(aq) 
Fe2+(aq) + 2OH−(aq) → Fe(OH)2(s)


There are many other cases where precipitation occurs as a wide range of substances are insoluble in water.


Redox reactions


Redox reactions can often be recognised. You should know the following three examples. In each case, the colour change that occurs identifies the reaction as being redox.




•  When aqueous potassium iodide is added to another solution and a brown (or grey or purple) colour is observed, this indicates that the iodide has been oxidised to iodine by the other solution.


•  When an acidified solution of potassium dichromate changes from orange to green on warming with another substance, this indicates that the potassium dichromate has been reduced and the other substance has been oxidised.


•  When an acidified solution of potassium manganate(VII) changes from purple to colourless or very pale pink on warming with another substance, this indicates that the potassium manganate(VII) has been reduced and the other substance has been oxidised.





Ligand substitution reactions


Ligand substitution reactions cannot always be identified easily. A sign that this type of reaction has occurred is that there is a change in colour when two solutions are mixed and there is no other indication that a reaction has taken place. A ligand must have an atom with at least one spare pair of electrons to create the coordinate bond. Therefore, one of the solutions is likely to contain either a molecule or ion with an oxygen, or nitrogen or halogen atom. Ammonia is an example of a common ligand but there are many others. A reaction accompanied by a colour change could, of course, be redox so ligand exchange should not be the conclusion if aqueous solutions of potassium iodide, potassium dichromate or potassium manganate(VII) have been used.
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