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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.


Track your progress


Use the revision planner on pages 4 to 6 plan your revision, topic by topic. Make a note 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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Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Practical skills


These encourage an investigative approach to the practical work required for your course.
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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 where they first appear.


Key words from the specification are highlighted in bold throughout the book.
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Making links


This feature identifies specific connections between topics and tells you how revising these will aid your exam answers.
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Maths skills


The worked examples and practice questions will help develop your confidence and competence.
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Revision activities


These activities will help you to understand each topic in an interactive way.
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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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Summaries


The summaries provide a quick-check bullet list for each topic.
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Online


Go online to check your answers to the exam questions and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads
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My Revision Planner






Countdown to my exams


Exam breakdown


Unit 3 Physical and inorganic chemistry


1 Redox and standard electrode potential


Redox reactions in terms of electron transfer


Standard electrode potential and standard hydrogen electrode


Two half-cells or electrodes form electrochemical cells


The electromotive force (EMF) of a cell


Hydrogen fuel cells: advantages and disadvantages


2 Redox reactions


Constructing ion/electron half-equations


Combining half-equations to create a full stoichiometric redox equation


Performing redox titrations and completing titration calculations


The redox reaction between Cu2+ and I− is measured indirectly using thiosulfate


3 Chemistry of the p-block


General p-block chemistry


Group 4 chemicals and changes in their chemistry


Comparing the nature and properties of CO2 and PbO


Some reactions of Pb2+ with hydroxide, chloride and iodide ions


Some group 5, 6 and 7 elements can form hypervalent compounds


Chlorine undergoes various useful disproportionation reactions


Concentrated sulfuric acid behaving as an acid or an oxidising agent


4 Chemistry of the d-block transition metals


Not all d-block elements are transition elements


Transition metals form compounds with various oxidation states


Transition metal cations bond with molecules or ions to form complexes


The colours of transition metal complexes and aqueous solutions of compounds containing d-block metals


Using ligand exchange equations


Catalytic properties of transition metals and their compounds


5 Chemical kinetics


Rate equation, reaction rate, reactant concentrations


Determining orders of reaction from experimental data


Link between mechanism for a reaction and order for the reactants


The Arrhenius equation


6 Enthalpy changes for solids and solutions


Standard enthalpy changes are quoted per mole of a specific substance


Enthalpy of solution can be calculated from enthalpy changes


Born–Haber cycle for enthalpy changes related to ionic compounds


The value ΔfH is an indicator of the stability of a compound


7 Entropy and feasibility of reactions


Entropy is a measure of disorder


Entropy change


Gibbs free energy and the feasibility of a reaction


8 Equilibrium constants


Calculating equilibrium constants


The magnitude of the equilibrium constant is an indicator of the extent to which a reaction has occurred


9 Acid–base equilibria


Acids and bases: Brønsted–Lowry, classification


The ionic product of water: Kw


pH is calculated from hydrogen ion concentration


Titration curves


Buffer solutions


Solutions of salts have different pH values


Unit 4 Organic chemistry and analysis


10 Stereoisomerism


Stereoisomerism includes E–Z and optical isomerism


Optical isomerism in terms of an asymmetric carbon atom


11 Aromaticity


The structure of benzene


Properties of benzene compounds


Electrophilic substitution


The strength of the bond between the C atom of a benzene ring and the substituent group varies


12 Alcohols and phenols


Primary and secondary alcohols: preparation, reactions


Properties of phenol


Testing for phenols with iron(III) chloride (FeCl3)


13 Aldehydes and ketones


Aldehydes and ketones: formation, properties, reduction using NaBH4


Nucleophilic addition


2,4-dinitrophenylhydrazine


Iodoform (CHI3)


14 Carboxylic acids and their derivatives


Carboxylic acids: formation, reduction


Aromatic carboxylic acids: formation, decarboxylation


Synthesis of esters and acid chlorides


Conversion of carboxylic acids to amides and nitriles


Hydrolysis of amides and nitriles


Reduction of nitriles


15 Amines


Formation of primary aliphatic amines


Formation of aromatic amines from nitrobenzenes


Basicity of amines


Ethanoylation of primary amines using ethanoyl chloride


Reaction of primary amines with cold nitric(III) acid forming alcohols


Coupling of benzene diazonium salts with phenols and aromatic amines to form azo dyes


Role of the N=N chromophore in dyes and indicators


16 Amino acids, peptides and proteins


Amino acids contain an NH2 group and a COOH group


Amino acids are amphoteric because they act as acids and bases


Formation of peptides from α-amino acids


Polypeptides


The essential role of proteins in living organisms


17 Organic synthesis and analysis


Organic reactions can be used as synthetic pathways


Separation and purification techniques


The two types of polymerisation: condensation and addition


Condensation polymers: polyesters and polyamides


Determining the structure of organic molecules with high resolution 1H NMR spectra


Chromatography can be used to separate components of a mixture


Tests to determine the presence of specific functional groups


Unit 5 Practical


18 General guidance for the practical examination


Using appropriate apparatus; heating a liquid; measuring pH


Using laboratory apparatus for a variety of experimental techniques


Making up a standard solution


Using acid–base indicators


Purifying a solid or liquid product; using melting point apparatus


Using thin-layer or paper chromatography


Setting up electrochemical cells and measuring voltages


Handling chemicals safely


Measuring reaction rates


Glossary


Answers


Exam practice answers and quick quizzes online at www.hoddereducation.co.uk/myrevisionnotesdownloads












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 pages 4 and 5 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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2–6 weeks to go




	
•  Read through the relevant sections of this book and refer to the exam tips, summaries 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’ questions in the book. Look up the answers online at www.hoddereducation.co.uk/myrevisionnotes.


	
•  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.hoddereducation.co.uk/myrevisionnotes



	
•  Use the revision activities to try out 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.
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The day before the examination




	
•  Flick through these Revision Notes for useful reminders, for example the exam tips, summaries 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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My exams


A2 Chemistry Paper 1: Physical and inorganic chemistry


Date: ………………………………………


Time: ………………………………………


Location: …………………………………


A2 Chemistry Paper 2: Organic chemistry and analysis


Date: ………………………………………


Time: ………………………………………


Location: …………………………………


A2 Chemistry: Practical examination


Date: ………………………………………


Time: ………………………………………


Location: …………………………………
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Exam breakdown






This book covers the A-level Year 2 qualifications for WJEC and Eduqas Chemistry.




WJEC








	Unit

	Unit title

	Marks

	Unit weighting as a percentage of the full A-level










	A2 Unit 1

	Physical and inorganic chemistry

	80

	25%






	A2 Unit 2

	Organic chemistry and analysis

	80

	25%






	A2 Unit 3

	Practical examination

	60

	10%














Eduqas








	Component

	Component title

	Marks

	Component weighting as a percentage of the A-level qualification










	Component 1

	Physical and inorganic chemistry

	120

	40%






	Component 2

	Organic chemistry and analysis

	120

	40%






	Component 3

	Chemistry in practice

	60

	20%











Assessment details










WJEC


The A level qualification comprises three units. A2 Units 3 and 4 are assessed by written examination, each lasting 1 h 45 and worth 80 marks. Each paper has a range of short and longer structured questions and one extended response. A2 Unit 5 is assessed by an experimental task, lasting up to 3 hours, and a written paper (1 hour). Each task is worth 30 marks.







Eduqas


The A level qualification is achieved from three written examinations covering Components 1, 2 and 3. Each paper has a range of short and longer structured questions in a variety of contexts. The practical endorsement assesses practical competency. It is reported separately and does not contribute to the final grade.







Overview


The concepts in Unit 3/Component 1 build on the principles from Unit 1 and Unit 2 and extend the application of knowledge around chemical calculations, redox, equilibria, acids and bases, kinetics and thermochemistry.


Unit 4/Component 2 furthers the knowledge of organic chemistry, homologous series and analysis from Unit 2 and consolidates this into a framework of synthetic pathways including preparation of organic compounds and more complex instrumental analytical techniques.


For example, when studying rates of reaction and rate equations, you may be asked to use a graph of concentration against time to calculate gradients of tangents at different concentrations. Examiners may also ask you to use these skills to determine the order of reaction of the reactant, write a rate equation and calculate a value for the rate constant. In organic synthesis, you may have to use your knowledge of the many different reactions in organic chemistry to convert one compound into another in a defined number of steps.















1 Redox and standard electrode potential






To do well in this topic, you should be able to recall definitions of reduction and oxidation and apply them to standard redox reactions as well as electrochemical reactions. This will include linking an element’s position in the periodic table to its reactivity and redox reactions. You will need to use your mathematical skills to calculate cell EMF values and use the answers to comment on the feasibility of reactions. You should know about hydrogen fuel cells and be able to evaluate the benefits and risks of their use.




Redox reactions in terms of electron transfer


Redox reactions involve the simultaneous transfer of electrons from one chemical species to another. There are four ways to view redox reactions:








	Reduction

	Oxidation










	loss of oxygen

	gain of oxygen






	gain of hydrogen

	loss of hydrogen






	gain of electrons

	loss of electrons (OIL-RIG)






	decrease in oxidation state

	increase in oxidation state









Redox systems can be represented using ionic half-equations and half-cells in cell diagrams.
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Exam tip


If you are asked to identify whether an atom is oxidised, don’t forget to look for oxygen as this can save time deducing oxidation states.
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Ionic half-equations


Ionic half-equations are chemical equations that show the ions involved in a redox reaction. One half-equation is reduction, the other is oxidation; hence redox.
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Worked example


Chlorine displaces iodine from hydrogen iodide in a redox reaction. Identify which element was reduced and which element was oxidised.


2HI(aq) + Cl2(g) → I2(s) + 2HCl(aq)


Method 1 – using oxidation states


Hydrogen is +1 as both a reactant and a product.


The iodide ion is −1 and changes to 0 when it becomes elemental iodine, so this is oxidised.


The chlorine gas changes from 0 to −1 as it becomes the chloride ion, so it is reduced.


Method 2 – using ionic half-equations


Hydrogen is a spectator ion as it has an oxidation state of +1 in both species. This leaves us with the ionic equation 2I−(aq) + Cl2(g) → l2(s) + 2Cl−(aq) from which you get the following half-equations:


Cl2(g) + 2e− → 2Cl−(aq)


2I−(aq) → I2(g) + 2e−


The chlorine gains electrons so it is reduced; the iodide ions lose electrons so they are oxidised – remember OIL-RIG.
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Spectator ion – an ion that does not take part in a chemical reaction, and is present before and after the reaction
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Exam tip


Don’t forget to write state symbols in your equations as this can lose you an easy mark.


[image: ]














Half-cells



A half-cell is made by placing a piece of metal into a solution of the metal’s ions, as shown in Figure 1.1. This creates an equilibrium between the metal atoms and metal ions.
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Figure 1.1 Diagrams to show a zinc half-cell and a copper half-cell








The equilibrium established in the zinc half-cell is Zn2+(aq) + 2e− [image: ] Zn(s)


The equilibrium established in the copper half-cell is Cu2+(aq) + 2e− [image: ] Cu(s)


Half-cells are written as reduction reactions by convention. If you need to have one as an oxidation reaction, then you simply turn the equation around, e.g. Cu(s) [image: ] Cu2+(aq) + 2e−
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Now test yourself




	
1  The following is an equation for a redox reaction.

2NO + 12H+ + 10I– → 2NH4+ + 2H2O + 5I2




	
A  Define oxidation in terms of electrons


	
B  Deduce the oxidation state of nitrogen in NO and of nitrogen in NH4+



	
C  Identify the species formed by oxidation in this reaction








	
2  The half-cell shown in Figure 1.2 was set up for aluminium.



	
A  Identify A


	
B  Identify B


	
C  Write the conventional ionic half-equation for the equilibrium established in the half-cell













[image: ]



Figure 1.2 An aluminium half-cell
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Standard electrode potential and standard hydrogen electrode


Standard electrode potential is defined as the electrode potential of a standard electrode connected to a standard hydrogen electrode (SHE) using a high resistance voltmeter and a salt bridge, under the following standard conditions:




	
•  1.00 mol dm−3 ion solutions


	
•  298 K


	
•  100 kPa pressure


	
•  zero current.
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Standard electrode potential The EMF of a half-cell compared to a standard hydrogen half-cell under standard conditions.


Standard hydrogen electrode (SHE) The electrode that is used as a reference on all half-cell potential reactions. Its value is defined as 0 V.
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Figure 1.3 Standard hydrogen electrode








The SHE shown in Figure 1.3 is an electrode with hydrogen gas bubbled through a 1 mol dm−3 solution containing hydrogen ions with an inert platinum electrode. It is used as the primary half-cell that other half-cells are compared against. This is like the concept of relative atomic mass where carbon-12 is used as the reference. The standard electrode potential of the SHE is taken as 0.00 V because it is used as the reference.
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Exam tip


Remember that the words electrode and half-cell can be used interchangeably.
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Making links


Although the SHE is used as the primary reference, it is common to use a calomel half-cell, because this is easier to make and maintain, or a silver/silver chloride cell because it is relatively cheap and not as toxic as the calomel cell.
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Calomel half-cell A mercury–mercury chloride half-cell that is used as a safer reference than the SHE.
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Two half-cells or electrodes form electrochemical cells


To measure the standard electrode potential for any metal/metal ion half-cell, you set up an electrochemical cell as shown in Figure 1.4. By convention, the SHE is the left-hand half-cell (the oxidation reaction). The half-cells are connected with a high resistance voltmeter which avoids inaccurate readings by ensuring zero current. The circuit is completed with a salt bridge, which must conduct electricity without reacting with either solution as this can affect the half-cell’s equilibrium causing non-standard conditions. A common choice of salt bridge is potassium nitrate soaked into filter paper. As the hydrogen is not aqueous, you also have a platinum electrode because it is inert and a good conductor.
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Electrochemical cell A combination of two half-cells. It consists of two electron conductors (electrodes) separated by an ionic conductor (electrolyte).
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Figure 1.4 An electrochemical cell to measure the standard electrode potential of the zinc half-cell








Figure 1.5 shows how an electrochemical cell can be set up to measure the standard electrode potential for a half-cell containing the same element but in different oxidation states, e.g. Fe2+(aq)/Fe3+(aq). The equipment is set up in the same way as in Figure 1.4 but, because the chemical of interest in the right-hand (reduction) half-cell is in solution, you require an inert platinum electrode.
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Figure 1.5 An electrochemical cell to measure the standard electrode potential of the Fe2+/Fe3+ half-cell
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Now test yourself




	
3  State two reasons why the electrode of the SHE is made from platinum.


	
4  Compare the standard conditions for all types of reaction with the standard conditions for an electrochemical cell.
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The electromotive force (EMF) of a cell


The standard EMF of an electrochemical cell measured in volts (V) is sometimes called the standard cell potential and has the symbol Ecell.


Standard household batteries and cells don’t use hydrogen ions, they use a combination of metals, e.g. Ni/Cd, Hg/Zn. This shows that you do not have to use a SHE for anything other than measuring standard electrode potential, unless you choose to.
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Electromotive force (EMF) The overall potential difference between the oxidation (left-hand) and reduction (right-hand) half-cells.


Electrochemical series A series of elements arranged in order of their standard electrode potentials.
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Using the 3Rs to calculate EMF


To work out the standard cell potential, Ecell, you must apply the 3Rs (Right-hand side, Reduction, Raised value) to the electrochemical series, as shown in Figure 1.6. The electrochemical series is a list of ionic half-equations with their associated standard electrode potential values and they are all written as reduction reactions by convention.
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Exam tip


Why are pirates called pirates? Because they RRR – this bad joke helps with electrochemistry because the Right-hand side is the Reduction equation with the Raised value.
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Figure 1.6 An abbreviated version of the electrochemical series
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Exam tip


In textbooks, the electrochemical series is usually shown in numerical order but exams often list it so that the electrode potential values are jumbled.


You can use the electrochemical series and the 3Rs to determine a lot of possible exam questions:




	
•  The oxidation reaction and its half-equation


	
•  The reduction reaction and its half-equation


	
•  Ecell, the electromotive force, which can be calculated by Ecell = reduction – oxidation


	
•  To predict the feasibility of an electrochemical reaction, feasible reactions have a positive EMF value
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Practical skills


In the school science laboratory, it is common to build electrochemical cells using copper, iron, zinc or nickel half-cells because the chemicals are readily available. Figure 1.7 shows how to set up an electrochemical cell to measure EMF for the zinc copper cell.
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Figure 1.7 Experiment to measure the electromotive force of a copper–zinc electrochemical cell










	
1  Fill one beaker with 1.00 mol dm−3 zinc sulfate solution and place a strip of zinc metal in it.


	
2  Fill another beaker with 1.00 mol dm−3 copper sulfate solution and place a strip of copper metal in it.


	
3  Join the beakers with a salt bridge – potassium nitrate soaked filter paper.


	
4  Complete the circuit with a voltmeter.


	
5  Record the EMF.





This set-up will always work regardless of the way the anode and cathode are connected. A negative reading means that the anode and cathode are connected the wrong way round. Practically, you can either swap the connecting wires over or ignore the negative sign on the voltmeter.
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Worked example


Measuring the EMF of the feasible electrochemical cell using copper and zinc (Figure 1.7).


Use the following electrochemical data to answer the questions.
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1  Identify metals A and B

Using the 3Rs, the copper has the Raised (most positive) value so it is the Reduction on the Right-hand side labelled B. This means that label A must be zinc.




	
2  Identify solutions C and D

Zinc(II) sulfate and that copper (B) will be in a Cu2+ solution, so D could be copper(II) sulfate.




	
3  What concentration should solutions C and D be?

The standard condition for any solution is 1.00 mol dm−3




	
4  Write the equation for the reaction occurring at the cathode

Red-Cat: Reduction happens at the cathode and you have already established, using the 3Rs, that the reduction reaction is the copper reaction.


Cu2+(aq) + 2e− → Cu(s)




	
5  Calculate the electromotive force for the reaction

EMF = reduction – oxidation


EMF = (+0.34) − (−0.76)


EMF = +1.10 V





	
6  Explain why this reaction is feasible

Positive EMF values show that a reaction is feasible.
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Feasible reaction A reaction that spontaneously occurs with no extra energy needs.
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Now test yourself


Use the information in the electrochemical series (Figure 1.6) to answer these questions:




	
5   A feasible electrochemical cell is made using copper and lead. Using the appropriate ionic half-equations:



	
a  Determine the reduction and oxidation equations


	
b  Calculate the standard cell potential.








	
6  The feasible electrochemical cell containing lithium and tin is made. Calculate the EMF and write the half-equation for the oxidation reaction.


	
7  Using the information from the electrochemical series (Figure 1.6), explain whether the electrochemical cell with an Fe2+(aq)/Fe(s) oxidation half-cell and a Zn2+(aq)/Zn(s) is feasible.
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Hydrogen fuel cells are environmentally friendly, but they have advantages and disadvantages




[image: ]



Figure 1.8 An acidic hydrogen fuel cell








A hydrogen fuel cell, as shown in Figure 1.8, consists of two platinum electrodes separated by a polymer electrolyte that allows ions to pass through. Oxidation occurs at the anode, releasing electrons that travel into an external circuit. Reduction occurs at the cathode and receives the electrons from the external circuit, which thus completes the circuit.
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Hydrogen fuel cell An electrochemical cell that converts the chemical energy of hydrogen and an oxidising agent (often oxygen) into electricity through redox reactions. They do not need to be recharged.
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The hydrogen fuel cell can work in both acidic and alkaline conditions.


Table 1.1








	 

	The acidic hydrogen fuel cell

	The alkaline hydrogen fuel cell










	Oxidation equation, at the anode

	H2(g) → 2H+(aq) + 2e−

Ecell = 0.00 V



	H2(g) + 2OH−(aq) → 2H2O(l) + 2e−

Ecell = −0.83 V








	Reduction equation, at the cathode

	O2(g) + 4H+(aq) + 4e− → 2H2O(l)

Ecell = +1.23 V



	O2(g) + 2H2O(l) + 4e− → 4OH−(aq)

Ecell = +0.40 V








	EMF

	+1.23 V

	+1.23 V









As you can see, the reactions happening at each electrode are different but both hydrogen fuel cells will have the same overall equation: 2H2(g) + O2(g) → 2H2O(l) and consequently the same EMF of +1.23 V.


The table describes the benefits and drawbacks of a fuel cell.


Table 1.2








	Advantage

	Disadvantage










	Does not have to be recharged

	Fossil fuels are used to produce the hydrogen






	Reduces the use of fossil fuels

	Fossil fuels are used to make the fuel cells






	Only produces water

	The metal electrodes are very expensive






	Can be renewable

	Requires a new infrastructure of filling stations to be built






	Converts most of the stored chemical energy into useful electrical energy, with little wasted energy

	Transport and storage of hydrogen is complex as it is flammable






	Fuel cells are lighter than combustion engines leading to better fuel efficiency
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Now test yourself




	
8  Label the diagram of an acidic hydrogen fuel cell.
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Figure 1.9 An acidic hydrogen fuel cell










	
9  A representation of a hydrogen–oxygen fuel cell that operates in alkaline conditions is

Pt(s) |H2(g)|H2O(l)||O2(g)|OH–(aq)|Pt(s)




	
a  Write a half-equation for the reaction that occurs at each electrode.


	
b  State an environmental advantage of using a hydrogen–oxygen fuel cell to power a car.


	
c  Suggest why using a hydrogen–oxygen fuel cell may not be considered carbon-neutral.
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Summary


In this chapter you have revised:




	
•  Reduction can be defined as the loss of oxygen or gain of electrons.


	
•  Oxidation can be defined as the gain of oxygen or loss of electrons.


	
•  You can represent redox systems with ionic half-equations and half-cells.


	
•  Standard electrode potential is the potential difference of a cell consisting of a specific electrode as the cathode and the standard hydrogen electrode as the anode.


	
•  The standard hydrogen electrode is used as the primary reference to measure electrode potential.


	
•  You join two half-cells together using a salt bridge and high resistance voltmeter.


	
•  Reduction occurs at the cathode and oxidation occurs at the anode of an electrochemical cell.


	
•  You calculate electromotive force using the formula EMF = reduction – oxidation.


	
•  Although the hydrogen fuel cell is used for its environmental advantages, there are associated disadvantages too.
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Exam practice




	
1  This table shows some standard electrode potential data.











	Electrode half-equation

	
EΘ/V










	Zn2+(aq) + 2e– → Zn(s)

	–0.76






	Fe2+(aq) + 2e− → Fe(s)

	−0.44






	Co2+(aq) + 2e– → Co(s)

	–0.28






	Ag+(aq) + e−(s) → Ag(s)

	+0.80











	

An electrochemical cell is made by connecting the Fe2+/Fe half-cell and Ag+/Ag half-cell with a salt bridge.




	
a  Calculate the electromotive force of this cell.

[1]




	
b  Why would potassium chloride not be suitable for use in the salt bridge of this cell?

[1]







Two half-cells are connected to give a complete electrochemical cell with an EMF of +0.48 V.





	



	
c  Use data from the table to deduce the half-cells.

[1]




	
d  State the conditions necessary when measuring this value.

[1]




	
e  Write the half-equations for the reactions that occur at each electrode.

[2]










	
2  The apparatus on the right can be used to measure the standard electrode potential for the Fe2+/Fe3+ half-cell.
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a  State what is represented by A and B on the diagram.

[1]




	
b  State what is represented by C on the diagram and state its function.

[1]










	
3  Use the data below to identify whether the reaction given is feasible at 298 K

2KMnO4 + 5H2O2 + 6HCl → 2MnCl2 + 8H2O + 5O2 + 2KCl














	Half-equation

	
EΘ/V










	MnO4−(aq) + 8H+(aq) + 5e− [image: ] Mn2+(aq) + 4H2O(l)

	+1.52






	O2(g) + 2H+(aq) + 2e− [image: ] H2O2(aq)

	+0.68
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2 Redox reactions






To do well in this topic, you should be able to construct half-equations and then combine them to create full stoichiometric redox equations. This will require you to apply your understanding of reduction and oxidation. You should specifically understand the redox reactions of copper(II) ions and iodide ions as well as how to perform redox titrations. Mathematically, you will be required to select suitable data, calculate averages, perform titration calculations and identify uncertainty within a redox titration.




Constructing ion/electron half-equations


Chemists often focus on the species that is directly involved in the reaction and can do this using half-equations. Half-equations tell you what is happening for the oxidation or reduction part of a redox reaction.


It is expected that you can construct the half-equation for almost any element in the periodic table. This could be based on the group that the element is in.


Table 2.1








	Group

	Oxidation half-equation example

	Reduction half-equation example










	1

	Na → Na+ + e−


	Na+ + e− → Na






	2

	Mg → Mg2+ + 2e−


	Mg2+ + 2e− → Mg






	5

	N3− → N + 3e−


	N + 3e− → N3−







	6

	2O2− → O2 + 4e−


	O2 + 4e− → 2O2−







	7

	2Cl− → Cl2 + 2e−


	Cl2 + 2e− → 2Cl−










For some elements, it will be more challenging because you are expected to know the common ions that the element forms (e.g. copper = Cu2+, chromium = Cr3+, Cr2O72−)


You can create more complex half-equations by remembering OH, ABC – this means that you balance the Oxygen, then the Hydrogen, and it is always Atoms Before Charge.
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Exam tip


For some half-equations, you may need information to be able to construct the relevant half-equation (e.g. vanadium = V2+, V3+, VO2+, VO2+).
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Worked example


Write the ionic half-equation for the reduction of the dichromate ion, Cr2O72−, to chromium(III) ions, Cr3+.


Table 2.2








	1

	Start with what you know

	Cr2O72− → Cr3+







	2

	Check and balance the metal ions

	Cr2O72− → 2Cr3+







	3

	
OH ABC – balance the oxygen atoms with water

	Cr2O72− → 2Cr3+ + 7H2O






	4

	
OH ABC – balance the hydrogen atoms with protons

	Cr2O72− + 14H+ → 2Cr3+ + 7H2O






	5

	
OH ABC – balance the charge with electrons

	Cr2O72− + 14H+ +6e− → 2Cr3+ + 7H2O






	6

	Don’t forget state symbols

	Cr2O72−(aq) + 14H+(aq) +6e− → 2Cr3+(aq) + 7H2O(l)
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Acidified potassium dichromate is commonly used in redox reactions but you are also expected to know the ionic half-equations for the manganate ion and the thiosulfate ion:


MnO4−(aq) + 8H+(aq) + 5e− → Mn2+(aq) + 4H2O(l)


2S2O32−(aq) → S4O62−(aq) + 2e−






[image: ]


Now test yourself


Write half-equations for the following reactions.




	
1  Oxygen forming hydrogen peroxide, H2O2.


	
2  Hydrogen peroxide, H2O2, forming only water.


	
3  The nitrate ion, NO3−, forming nitric oxide, NO.
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Combining half-equations to create a full stoichiometric redox equation


If you know the ionic half-equations involved in a reaction, you can combine them to write the overall redox equation by following a standard process.
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Worked example


Aluminium reacts with chlorine to form aluminium chloride. Use the ionic half-equations for aluminium and chlorine to derive the chemical equation for this reaction.


Table 2.3








	



	
1  Write both half-equations
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2  Make sure that they both have the same number of electrons. This is achieved by multiplying one or both the half-equations.
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3  Combine the half-equations




	2Al + 3Cl2 + 6e− → 2Al3+ + 6Cl− + 6e−







	

	
4  Cancel out any species that appear on both sides of the reaction arrow




	2Al + 3Cl2 → 2Al3+ + 6Cl−







	

	
5  Don’t forget standard state symbols




	2Al(s) + 3Cl2(g) → 2Al3+(aq) + 6Cl−(aq)
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