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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 third of a series covering the OCR Chemistry A specification for A-level. It offers advice for the effective study of Module 5: Physical chemistry and transition elements. This module, together with Modules 1 and 2 (covered in the first student guide in this series) and Module 3 (covered in the second student guide in this series) is examined in the A-level Component 1 exam and as part of the synoptic Component 3 exam, which draws on all the modules, from 1 to 6.


The Content Guidance gives a point-by-point description of all the facts you need to know and concepts that you need to understand for Module 5. It aims to provide you with a basis for your revision but you will also need to use other sources.


The Questions & Answers section shows you the sorts of questions you can expect in the component 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 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 relate directly to those in the specification



•  the basic facts and major concepts are stated clearly and explained



•  the questions at the end of the guide are similar in style to those that will appear on the exam paper



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



•  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 exam (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 A-level chemistry.


It is a good idea to check your notes using textbooks and to 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.


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


The scheme outlined below is a suggestion as to how you might revise for Module 5 over 3 weeks. The work pattern is fairly simple but you must adapt it to suit your style of revising.
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This revision timetable will give you an idea of how a timetable might work, but it is better for you to write one that will meet your needs. The important thing is that the grid at least enables you to see what you should be doing and when you should be doing it. Do not be too ambitious — little and often is the best way.


It would, of course, be more sensible to put together a longer rolling programme to cover all your A-level subjects. Try to work out a rolling programme that enables you to cover all your subjects over a 5–6-week period. Do not leave it too late. Start sooner rather than later.





Content Guidance


Module 5 builds on a number of different areas covered in year 1. It requires an understanding of reaction rates and chemical equilibrium from Module 3. It also extends your understanding of energetics and the calculations associated with it. Throughout this guide the essential pre-knowledge is outlined and references are made to the relevant year 1 modules.


Synoptic assessment


Module 5 examination papers contain questions that relate to principles first encountered in other modules and are designated synoptic questions. These questions relate the content of this module with knowledge and understanding acquired elsewhere in the course. You are expected to apply chemical principles from any part of the entire specification, including:





•  mole calculations



•  writing balanced equations



•  empirical and molecular formula calculations



•  bonding and structure





The content of this module is essentially quantitative and relates back to the corresponding qualitative chemistry in Module 3.


Rates, equilibrium and pH


How fast?


Experimental observations show that the rate of a reaction is influenced by temperature, concentration and the use of a catalyst.


The collision theory of reactivity helps to provide explanations for these observations. A reaction cannot take place unless a collision occurs between the reacting particles. Increasing temperature or concentration increases the chance of a collision occurring.


However, not all collisions lead to a successful reaction. The energy of a collision between reacting particles must exceed the minimum energy required to start the reaction. This minimum energy is known as the activation energy, Ea. Increasing the temperature affects the number of collisions with energy that exceeds Ea and the use of a catalyst affects the size of Ea.



Boltzmann distribution of molecular energies


Figure 1 shows a typical distribution of energies at constant temperature.
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•  The area under the curve represents the total number of particles.



•  The shaded area represents the number of particles with energy greater than or equal to the activation energy, E ≥ Ea (showing the number of particles with sufficient energy to react).





Effect of concentration, temperature and catalyst on the rate of reaction


Concentration


Increasing concentration increases the chance of a collision. The more collisions there are, the faster the reaction will be.


For a gaseous reaction, increasing pressure has the same effect as increasing concentration. When gases react, they react faster at high pressure because there is an increased chance of a collision.


Temperature


An increase in temperature has a dramatic effect on the distribution of energies, as can be seen in Figure 2.
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At higher temperatures the distribution flattens and shifts to the right such that:





•  there are fewer particles with low energy



•  the most probable energy moves to higher energy



•  a greater proportion of particles have energy that exceeds the activation energy





Increasing temperature increases the number of particles with energy greater than or equal to the activation energy, E ≥ Ea, which means that at high temperatures there are more particles with sufficient energy to react and, therefore, the reaction is faster.



Catalyst


Catalysts work by lowering the activation energy for the reaction, which can be illustrated using an energy profile diagram and a Boltzmann distribution, as shown in Figure 3.
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Ea is the activation energy of the uncatalysed reaction and Ecat is the activation energy of the catalysed reaction.


Module 5 builds on your understanding of the AS reaction rates chemistry. It involves measuring and calculating reaction rates using rate equations.


Reaction rate


The rate of a reaction is usually measured as the change in concentration of a reaction species with time.
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Measuring rates from graphs


For a reaction A + B → C + D it is possible to measure the rate of disappearance of either A or B, or the rate of appearance of one of the products, C or D.





•  The rate of decrease in concentration of [image: ]




•  The rate of increase in concentration of [image: ]






The gradient of the concentration–time graph is a measure of the rate of a reaction (Figure 4).
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Orders, rate equation and rate constants



Orders of reaction


The rate equation of a reaction shows how the rate is affected by concentrations of each reactant and can only be determined from experiments.


In general, for a reaction A + B → C + D, the reaction rate is given by:
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where





•  k is the rate constant of the reaction



•  m and n are the orders of reaction with respect to A and B respectively



•  the overall order of reaction is (m + n)





You know from Module 3 that increasing concentration usually results in an increased rate of reaction. However, different reagents can behave in a different manner. If we double the concentration of a reagent and the rate increases proportionately (that is, the rate also doubles) then the reaction is said to be first order with respect to that reagent. If by doubling a reagent the reaction increases four-fold, the reaction is said to second order with respect to that reagent, but if increasing the concentration has no effect the reaction is said to be zero order with respect to that reagent.


The rate constant


The rate constant, k, indicates the rate of the reaction:





•  a large value of k → fast rate of reaction



•  a small value of k → slow rate of reaction





An increase in temperature speeds up the rate of most reactions by increasing the rate constant, k.


Rate graphs and orders


During a reaction the concentrations of the reagents and of the products change and it is possible to measure concentration at regular intervals of time. The shape of the resultant graph can be used to predict the order of reaction.


Concentration–time graph


Zero-order reaction


The concentration falls at a steady rate with time (Figure 5).
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First-order reaction


The concentration halves in equal time periods (Figure 6). The shape of the graph indicates the order of the reaction by measuring the half-life of a reactant. The half-life of a reactant is the time required for its concentration to be reduced by half.
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In a first-order reaction, rate = k[X], if the half-life is known, or can be deduced from the graph, the rate constant, k, can be calculated by using the relationship:




[image: ]




Second-order reaction


The half-life becomes progressively longer as the reaction proceeds. The half-life increases with time (Figure 7).
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Rate–concentration graphs


A concentration–time graph is first plotted and tangents are drawn at several time values on the concentration–time graph, giving values of reaction rates. A second graph can now be plotted of rate against concentration.


Zero-order reaction


The rate is unaffected by changes in concentration (Figure 8).
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rate ∝ [X]0


So:


rate = constant



First-order reaction



If the concentration is doubled, the rate will also double (Figure 9).
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rate ∝ [X]1


Second-order reaction


If the concentration is doubled, the rate will increase four-fold (Figure 10).
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rate ∝ [X]2


The second-order relationship can be confirmed by plotting a graph of rate against [X]2, which gives a straight line (Figure 11).
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Exam tip


You are expected to know two sets of graphs, the shapes of which can be used to determine the order of reaction. One set plots concentration against time and the other shows the relationship between rate and concentration. It is essential that you do not mix up these graphs.


[image: ]





Measuring rates using the initial rates method


For a reaction, A + B → C + D, carry out experiments using different initial concentrations of the reactants A and B.


Only change one variable at a time so two series of experiments will be required.





•  In series 1, the concentration of A is changed while the concentration of B is kept constant.



•  In series 2, the concentration of B is changed while the concentration of A is kept constant.





For each experiment plot a concentration–time graph and measure the initial rate from the graph of the tangent drawn at time = 0. A typical set of results looks like Table 1.
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Order of reaction with respect to each reagent


Order of reaction with respect to A


Comparing experiments 1 and 2, [B(aq)] is constant and [A(aq)] is varied. [A(aq)] has doubled, the rate has quadrupled, and the reaction is therefore second order with respect to A(aq), such that:


rate ∝ [A(aq)]2


The concentration raised to the power 2 indicates that it is second order with respect to A(aq).


Order of reaction with respect to B


Comparing experiments 2 and 3, [A(aq)] is constant and [B(aq)] is varied. [B(aq)] has doubled, the rate doubles, and the reaction is therefore first order with respect to B(aq), such that:


rate ∝ [B(aq)]


The rate equation


Combining the two orders with respect to the two reagents gives:


rate ∝ [A(aq)]2[B(aq)]


or


rate = k[A]2[B]


and the overall order of this reaction is (2 + 1) = third order.


Rearranging the rate equation:
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and substituting values from experiment 1, gives:
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Knowledge check 1


For the rate equation; rate = k[A][B]2, what will happen to the overall rate of reaction if a [A] is doubled, b [B] is halved, c both [A] and [B] are trebled?
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Units of rate constants


The units of a rate constant depend on the rate equation for the reaction, as shown in Table 2.


Table 2






	Order

	Rate equation

	Units of k






	First

	Rate = k[A]

	s−1







	Second

	Rate = k[A]2


	dm3 mol−1 s−1







	Third

	Rate = k[A]2[B] or k[A]3


	dm6 mol−2 s−1







	Fourth

	Rate = k[A]2[B]2


	dm9 mol−3 s−1
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Knowledge check 2


What are the units of the rate constant, k, for a rate = k[A][B]2 and b rate = k[A]2[B]2[C]?
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Knowledge check 3


The table below gives data from the reaction:
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The rate constant, k = 8.2 dm9 mol−3 s−1
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Deduce the order of reaction with respect to each reagent.
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Continuous monitoring to determine reaction rate


A wide range of methods can be used and the method chosen will depend on the reaction under investigation.





•  If a gas is evolved — the volume of gas could be measured at regular intervals of time.



•  If the reaction involves acids or bases — the pH could be measured at regular intervals of time.



•  If the reaction involves a colour change — a colorimeter could be used to monitor the change.






Rate-determining step


The rate-determining step is defined as the slowest step in the reaction.


The rate equation can provide clues about a likely reaction mechanism by identifying the slowest stage of a reaction sequence. For instance, if the rate equation is:


rate = k[A]2[B]


the slow step will involve 2 mol of A and 1 mol of B, but if the rate equation is:


rate = k[A][B]2


the slow step will involve 1 mol of A and 2 mol of B.


The orders in the rate equation match the number of species involved in the rate-determining step.
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