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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 fourth of a series covering the Edexcel specification for A-level chemistry. It offers advice for the effective study of topics 16–19. These four topics (together with topics 2 and 5, covered in the first student guide of this series, and topics 6, 7 and 9, covered in the second student guide) are examined on A-level paper 2 and as part of synoptic paper 3 examination, which draws on all of the topics 1–19. 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 16–19, together with particular advice on practical chemistry that will be tested in paper 3.



•  The Questions & Answers section starts with an introduction that gives advice on approaches and techniques to ensure that you answer the exam 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 specification


The specification states the chemistry that can be examined at A-level and describes the format of the tests. It can be obtained from Edexcel, either as a printed document or from the web at www.edexcel.com.


Learning to learn


Learning is not instinctive — you have to develop techniques to make good use of your time. Chemistry has specific difficulties that need to be understood if your studies are to be effective from the start.


Reading chemistry textbooks


Chemistry textbooks are a valuable resource, not only for finding out the information for your homework but also to help you understand concepts of which you are unsure. They need to be read carefully, with a pen and paper to hand for jotting down things as you go — for example, making notes, writing equations, doing calculations and drawing diagrams. Reading and revising are active processes that require concentration. Looking vaguely at the pages is a waste of time. In order to become fluent and confident in chemistry, you need to master detail.



Chemical equations


Equations are quantitative, concise and internationally understood. When you write an equation, check that:





•  you have thought of the type of reaction occurring — for example, is it neutralisation, addition or disproportionation?



•  you have written the correct formulae for all the substances



•  your equation balances both for the numbers of atoms of each element and for charge



•  you have not written something silly, such as having a strong acid as a product when one of the reactants is an alkali



•  you have included state symbols in all thermochemical equations if they have been asked for






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 the apparatus closely so that you know both its form and function.



Calculations


Calculations are not normally structured at A-level. Therefore, you will need to plan the procedure for turning the data into an answer.





•  Set your calculations out fully, making it clear what you are calculating at each step. Don’t round figures up or down during a calculation. Either keep all the numbers on your calculator or write any intermediate answers to four significant figures.



•  If you have time, check the accuracy of each step by recalculating it. It is easy to enter a wrong number into your calculator, or to calculate a molar mass incorrectly.



•  Think about the size of your final answer. Is it far too big or vanishingly small?



•  Finally, check that you have the correct units in your answer and that you have given it to an appropriate number of significant figures — if in doubt, give it to three or, for pH calculations, to two decimal places.





Notes


Most students keep 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, which 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


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 ordinary learning.


There are no marks specifically for ‘communication skills’, but if you are not able to communicate your ideas clearly and accurately, then you will not score full marks. 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 crisply. 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 16 Kinetics II


Required year 1 knowledge



Collision theory


The following are important factors:





•  Collision frequency — how often the molecules collide in a given time.



•  Collision energy — particles must collide with enough kinetic energy to cause a reaction. The minimum energy that two molecules must have on collision in order to react is called the activation energy, Ea.



•  Orientation on collision — no reaction will occur if the OH− ion collides with the CH3 group in the nucleophilic substitution reaction between, for example, chloroethane and hydroxide ions. The collision must occur with the carbon carrying the chlorine.
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Exam tip


You are expected to know the kinetics you studied in year 1 of the A-level course. In particular, you should have a thorough understanding of collision theory, including the Maxwell–Boltzmann distribution of molecular energies.
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Maxwell–Boltzmann distribution


The molecules in a gas or solution have a wide range of kinetic energies. This is shown graphically in the Maxwell–Boltzmann distribution at two temperatures Tcold and Thot (Figure 1).
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The difference between the two curves is that the curve for Thot has:





•  a lower modal value (the peak)



•  a modal value to the right of that of Tcold
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Exam tip


Note that both graphs start at the origin, but neither touches the x-axis at high energies.
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Effect of temperature on rate


The area under the curve to the right of the activation energy (shaded on the graphs in Figure 1) is a measure of the number of molecules that have enough energy to react on collision. This area is greater on the Thot graph compared with the Tcold graph. Therefore, the number of collisions between molecules with enough energy to react is greater. This means that a greater proportion of the collisions result in reaction, so the rate of reaction is faster at the higher temperature.


Effect of catalyst on rate


A catalyst causes the reaction to proceed by an alternative route that has a lower activation energy.


In Figure 2, the value of Ecat is less than that of Ea, so the area under the curve to the right of Ecat is greater than the area to the right of Ea. This means that a greater proportion of molecules have the required lower activation energy on collision, allowing reaction to occur.
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Effect of concentration and pressure on rate


An increase in the concentration of a reactant in solution, or in the pressure for gaseous reactions, increases the frequency of collisions. Therefore, the reaction rate increases.


Year 2 kinetics


Definitions





•  The rate of reaction is the amount by which the concentration changes in a given time. Its units are mol dm−3 s−1. There are two ways of determining the rate:







    1  The initial rate of reaction is the rate of reaction at the time when the reactants are mixed. Its value can be estimated by measuring the concentration of a reactant at the start and after a short period of time. If the concentration has not changed by more than 10%:
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Exam tip


A reaction mixture is kinetically stable if the activation energy is so high that the reaction is too slow to be observed at room temperature.
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    2  The concentration of a reactant or product is measured at regular time intervals and a graph of concentration against time is plotted. The slope (gradient) of this line at a given point is the rate of reaction at that point. The slope is calculated by dividing the change in concentration by the time difference (see page 13).
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Knowledge check 1

When excess 2-iodopropane was mixed with a small amount of aqueous sodium hydroxide, the initial concentrations were: [CH3CHICH3] = 0.0028 mol dm−3 and [OH−] = 0.00020 mol dm−3 All the sodium hydroxide had reacted after 26 s. Calculate the initial rate of reaction.
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•  The rate equation connects the rate of a reaction with the concentration of the reactants. For a reaction:
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    the rate equation is:
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    m and n may or may not be the same as x and y, and one or other of m and n could be zero. Note that if the reaction is carried out in the presence of a homogeneous catalyst, the concentration of the catalyst will appear in the rate equation.
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Knowledge check 2

The rate equation for a reaction between A and B was found to be:
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What are the units of k?
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•  The order of reaction is the sum of the powers to which the concentrations of the reactants are raised in the rate equation. In the example above, the order is (m + n).


    The partial order with respect to one reactant is the power to which its concentration is raised in the rate equation. In the example above, the partial order with respect to A is m.



•  The rate constant, k, is the constant of proportionality that connects the rate of the reaction with the concentration of the reactants, as shown in the above rate equation. Its value alters with temperature. A reaction with a large activation energy has a low value of k.



•  The half-life of a reaction is the time taken for the concentration of a reagent to halve. This means that half of the reagent has reacted. The half-life of a first-order reaction is constant. The half-life of a second-order reaction increases as the concentration falls.



•  In a multi-step reaction, the rate-determining step is the slowest step and controls the overall rate of the reaction. The reagents that appear in the rate equation are those that are involved in the rate-determining step and any previous steps. Any substance that only appears in the mechanism after the rate-determining step will not appear in the rate equation.
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Knowledge check 3

A reaction between A and B to form P is catalysed by C and takes place in two steps:
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Write the rate equation for this reaction.
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•  The activation energy, Ea or Eact, of a reaction is the minimum energy that colliding molecules must have in order for that collision to result in a reaction.



•  Catalysts can be described as either heterogeneous or homogeneous. A homogeneous catalyst is in the same phase as the reactants. An example is aqueous iron(II) ions in the oxidation of aqueous iodide ions by aqueous persulfate ions. A heterogeneous catalyst is in a different phase from the reactants. An example is the solid iron catalyst in the reaction between gaseous nitrogen and hydrogen to produce ammonia (the Haber process).






Experimental techniques


All the methods described below must be carried out at constant temperature, preferably using a thermostatically controlled water bath. The laboratory itself is often considered as a temperature-controlled environment, but this can cause considerable inaccuracy if the reaction is significantly exothermic.


Continuous monitoring


These methods can be used to gather data and then plot a graph of concentration against time, see pages 12–14.



Titration by sampling





•  Mix the reactants, stir and start timing.



•  Remove samples at regular intervals and quench the reaction by adding the samples to iced water or a substance that will react with the catalyst or one of the reactants.



•  Titrate samples against a suitable solution.





This method can be used when a reactant or product is:





•  an acid — titrate against an alkali



•  a base — titrate against an acid



•  iodine — titrate against sodium thiosulfate solution, using starch as an indicator
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Knowledge check 4

Why must sodium hydroxide not be added to quench the reaction?
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Core practical 13a


Iodination of propanone


In acid solution iodine reacts with propanone to form iodopropanone and hydrogen iodide:
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This reaction can be monitored by the following method.





•  Place 25 cm3 of iodine solution of known concentration in a flask and add 25 cm3 of sulfuric acid solution (an excess) and 50 cm3 of water. Add 5 cm3 of pure propanone from a burette, starting the clock as you do so.



•  At noted intervals of time remove 10 cm3 of the reaction mixture and quench it by adding it to a slight excess of aqueous sodium hydrogencarbonate. (This reacts with the acid catalyst, stopping the reaction.)



•  Quickly titrate the remaining iodine against standard sodium thiosulfate solution, using starch as an indicator.



•  Repeat by removing samples at regular intervals.





The rate equation is of the form:
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Because a large excess of propanone was taken, the concentration of propanone remains approximately constant. Even though acid is produced in the reaction, the original amount of acid catalyst was large and so [H+] remains effectively constant. This means that the rate equation becomes:
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The volume of sodium thiosulfate is proportional to the amount of iodine and hence to the iodine concentration. So a graph of volume of sodium thiosulfate against time will have the same shape as the graph of [I2] against time.
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As this graph is a straight line, the slope and hence the rate are constant, so the reaction is zero order with respect to iodine. A conclusion that can be drawn from this is that iodine must enter the mechanism after the rate-determining step.


If the experiment is repeated with twice as much propanone, the slope of the linear graph of [I2] against time will be twice that of the slope of the former graph. This shows that k′ has doubled, so the reaction must be first order with respect to propanone.


Similarly, if a third set of experiments is carried out varying the concentration of acid catalyst, the rate will double as the acid concentration doubles. This shows that the reaction is also first order with respect to the acid catalyst.
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