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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 book will guide you through the A21 unit for CCEA GCE Chemistry.


The Content Guidance covers all the content of the A21 unit, and gives helpful tips on how to approach revision and improve exam technique. Do not skim over these tips — they provide important guidance. There are also knowledge check questions throughout this section, with answers at the end of the book. At the end of each section there is a summary of the key points covered.


The Questions & Answers section gives sample examination questions on each topic as well as worked answers and examiner comments on the common pitfalls to avoid. The examination will consist of ten multiple-choice questions (each with four options, A to D), worth one mark each, and several structured questions. The total mark for the A21 paper is 110. This section contains examples of different types of questions, but you should also refer to past papers for this unit, which are available online. The past papers for the old specification contain questions that are relevant to the new specification.


Both the Content Guidance and Questions & Answers section are divided into the topics outlined in the CCEA specification.


When answering questions involving the colour of a chemical, you must be accurate to obtain the marks. If the colour of a chemical is given in this book with a hyphen between the colours then state the two colours exactly like that, including the hyphen. For example, bromine is red-brown so both red and brown are required, separated by a hyphen. If two or more colours are given separated by a forward slash (/), these are alternative answers and only one colour from this list should be given. For example, for the yellow/orange colour of the 2,4-dinitrophenylhydrazone derivatives of aldehydes and ketones, only yellow on its own or orange on its own will be accepted, but not a combination of the two colours. Never use a forward slash (/) when answering a colour question. This applies to all CCEA AS and A2 examinations. Check the acceptable colours document on the CCEA chemistry website (www.ccea.org.uk/chemistry), then select GCE Revised and then Support for further guidance should this change.


The practical documents and clarification of terms document give the detail required to ensure you are awarded the marks. One word used incorrectly could lose you a mark. Be careful with terms such as atom, ion, molecule and radical for particles, as incorrect use of these can cost you marks. Always give the correct positive and negative signs for charges (for example, 2+) and oxidation states (for example, +2) where appropriate.


20% of the marks at A-level are for mathematical skills.





Content Guidance



Lattice enthalpy


Lattice enthalpy is the enthalpy change when 1 mole of an ionic compound is converted into gaseous ions. Lattice enthalpy values may be calculated using a Born–Haber cycle.


Born–Haber cycle


The Born–Haber cycle is a technique for applying Hess’s law to the standard enthalpy changes that occur when an ionic compound is formed. The formation of an ionic compound, for example NaCl, may be thought of as occurring in a series of steps even though the reaction itself may not follow this route.
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Exam tip


For all formations, the elements are written in their standard states at 25°C and 100 kPa pressure, so in this case Na(s) and Cl2(g). The equation representing the formation must be written for the formation of 1 mol of the compound, in this case NaCl(s). Always include state symbols.
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For sodium chloride (NaCl), the formation can be written as:
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The standard enthalpy change of formation is represented by ΔfH[image: ].


The important energy change that we are often trying to determine is the standard lattice enthalpy of an ionic compound. This value cannot be determined experimentally so it must be calculated using the Born–Haber cycle.


For example, for NaCl(s):


[image: ]


The standard lattice enthalpy may be represented by ΔLH[image: ] or ΔlattH[image: ] (or occasionally the capital letter U).


The Born–Haber cycle for NaCl can be drawn simply as shown in Figure 1.
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All enthalpy changes can be determined experimentally, apart from the standard lattice enthalpy. ΔxH[image: ] is a combination of a few standard enthalpy changes that convert [image: ].
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Exam tip


Remember that, as with any Hess’s law diagram, any unknown enthalpy change can be calculated if all the other values are known. Hess’s law states that the enthalpy change in a reaction is independent of the route taken provided that the initial and final conditions are the same.
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The change [image: ] occurs via the following steps:





1  Na(s) → Na(g)





This is the atomisation of sodium. The standard enthalpy change of atomisation of sodium may be represented by ΔaH[image: ] or ΔatH[image: ].





2  Na(g) → Na+(g) + e−






This is the first ionisation of sodium. The first ionisation energy (enthalpy) may be represented by ΔIE1H[image: ].





3  [image: ]
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Knowledge check 1


What is the definition of standard enthalpy change of atomisation?
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This is the atomisation of chlorine. The same symbol is used for the standard enthalpy change of atomisation for chlorine, as is used for step 1 for sodium, and the definition is the same.


For diatomic elements such as chlorine, the bond dissociation enthalpy may be used.


For Cl2(g) → 2Cl(g) the enthalpy change is the bond dissociation enthalpy or twice the standard enthalpy change of atomisation.


The bond dissociation enthalpy may be represented by ΔBDEH[image: ].
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Exam tip


Remember that the bond dissociation enthalpy is twice the standard enthalpy of atomisation for diatomic elements. You may need to use one times the standard enthalpy of atomisation (if 1 mol of atoms is required) or two times the standard enthalpy of atomisation (if 2 mol of atoms are required). If 1 mol of atoms is required you will need to use half of the bond dissociation enthalpy or if 2 mol of atoms are required use one bond dissociation enthalpy.
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4  Cl(g) + e− → Cl−(g)





This is the first electron affinity of chlorine. It may be represented by ΔEA1H[image: ].
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Exam tip


For halides of Group II elements, two atomisations and two first electron affinities are required. For example, Cl2(g) is converted to 2Cl(g) and 2Cl(g) is converted to 2Cl−(g).
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A typical Born–Haber cycle diagram


Figure 2 shows a Born–Haber cycle for a typical Group I halide, in this case sodium chloride (NaCl). The labels on the left and right are there to remind you what should be present at each level. Endothermic processes have upwards arrows and exothermic processes have downwards arrows.
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Exam tip


There are different forms of this type of diagram but this is the most common. You will be most often asked to complete the diagram or to use it. Don’t forget the electrons or the state symbols. This type of diagram can be applied to any Group I halide or hydride.
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Worked example


The values given for a calculation might be:





•  Enthalpy of formation of sodium chloride (ΔfH[image: ]) = −411 kJ mol−1




•  Enthalpy of atomisation of sodium (ΔaH[image: ]) = +108 kJ mol−1




•  First ionisation energy of sodium (ΔIE1H[image: ]) = +500 kJ mol−1




•  Enthalpy of atomisation of chlorine (ΔaH[image: ]) = +121 kJ mol−1




•  First electron affinity of chlorine (ΔEA1H[image: ]) = −364 kJ mol−1
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The cycle works from the beginning of the arrow for lattice enthalpy to the end of the arrow. The alternative route gives the same energy changes as predicted by Hess’s law. The alternative route must take into account the direction of the arrows. If the direction is reversed then the negative of the value must be used.
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Exam tip


The enthalpy of atomisation of chlorine is sometimes given or, alternatively, the bond dissociation enthalpy is given. It is vital you understand that for diatomic elements like the halides, the bond dissociation enthalpy is twice the enthalpy of atomisation. If 2 mol of halide ion are required, as will be shown in the next example, two enthalpies of atomisation of Cl are required (or one bond dissociation enthalpy) followed by two first electron affinities. The Group II metal also requires a first and a second ionisation energy (ΔIE2H[image: ]).
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Figure 2 shows a standard Born–Haber diagram for all Group I halides. 1 mol of the Group I metal, A, reacts with [image: ]mol of the halide, [image: ]X2, to form 1 mol of the solid halide, AX(s).
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Exam tip


You may be asked to label the species present at each level in a Born–Haber cycle. Always think about the change that is happening and don’t forget to include the electron(s). Note that the 1 mol of electrons only appears on two levels for a Group I halide.
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Born–Haber cycle for Group II halides


For Group II halides, MX2, the Born–Haber diagram is slightly extended. The cycle in Figure 3 is for magnesium chloride (MgCl2).
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Exam tip


The main difference to note here is that the first and second ionisation energies of the Group II metal, M, are needed to form M2+. Two enthalpies of atomisation of the halide, X2, are needed (or one bond dissociation enthalpy) as well as two electron affinities to form 2 mol of the halide ion, X−. Don’t forget to include the electrons or you will lose all the marks for that level.
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Worked example


Lattice enthalpy can be calculated since we know the other values in the Born–Haber cycle. For magnesium chloride, MgCl2:





•  Enthalpy of formation of magnesium chloride (ΔfH[image: ]) = −642 kJ mol−1




•  Enthalpy of atomisation of magnesium (ΔaH[image: ]) = +150 kJ mol−1




•  First ionisation energy of magnesium (ΔIE1H[image: ]) = +736 kJ mol−1




•  Second ionisation energy of magnesium (ΔIE2H[image: ]) = +1450 kJ mol−1




•  Bond dissociation enthalpy of chlorine (ΔBDEH[image: ]) = +242 kJ mol−1




•  First electron affinity of chlorine (ΔEA1H[image: ]) = −364 kJ mol−1
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Exam tip


It is expected that the endothermic second electron affinity is shown as endothermic in a Born–Haber cycle so the arrow should go back up and above the level of the Mg2+(g) + O(g) + 2e−.
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Born–Haber cycle for oxides


When dealing with oxides (Figure 4), the oxygen requires a first and a second electron affinity. The first electron affinity of oxygen is −142 kJ mol−1 and the second electron affinity is +844 kJ mol−1. The second electron affinity is endothermic as the second electron is being added to an already negative ion so there is repulsion between the O− and the e−.
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Exam tip


The cycle for a Group I oxide, for example K2O(s), would be similar except it would have 2 × ΔaH[image: ](K) and 2 × ΔIE1H[image: ](K). 2e− would be present with 2K+(g).
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Exam tip


For CCEA chemistry, lattice enthalpy is the enthalpy of lattice breaking. Some textbooks regard it as the enthalpy of lattice formation and hence give the value as exothermic. Check this carefully if reading other texts.
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Exam tip


The balance of enthalpy values in a Born–Haber cycle may be examined. You may be asked to comment on the difference in lattice enthalpy values based on other enthalpy values in the cycle. For the difference between NaCl and NaF it is the halogen enthalpy values that are different as well as the enthalpy of formation. The enthalpy of atomisation of sodium and first ionisation energy of sodium are the same in both cycles.
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Understanding enthalpy changes in a Born–Haber cycle


The enthalpy changes in a Born–Haber cycle are summarised in Table 1.


Table 1






	
Enthalpy  

	
Exothermic (ΔH negative)  

	
Endothermic (ΔH positive)  






	Lattice enthalpy  

	 

	✓  






	Enthalpy of formation  

	✓ (mostly)  

	 






	Enthalpy of atomisation  

	 

	✓  






	Bond dissociation enthalpy  

	 

	✓  






	First ionisation energy  

	 

	✓  






	Second ionisation energy  

	 

	✓  






	First electron affinity  

	✓  

	 






	Second electron affinity  

	 

	✓  







The lattice enthalpy depends on the charge on the ions and the size of the ions. Smaller ions are more closely packed in the lattice and so are more attracted to each other. Ions with a high charge are more attracted to each other as well. For example:





•  The lattice enthalpy for NaCl is +776 kJ mol−1 but that for NaF is +915 kJ mol−1. The F− ion is smaller than the Cl− ion, so the ions in NaF can pack closer together in the lattice and so lattice enthalpy is greater as the attraction is greater.



•  The lattice enthalpy for MgCl2 is +2492 kJ mol−1 but that for MgO is +3888 kJ mol−1. The lattice enthalpy for MgCl2 is greater than that for NaCl due to the 2+ charge on the magnesium ion. Note that the lattice enthalpy for MgO is very high (and hence it is very stable and has a very high melting point) due to the 2+ and 2− charges on the small ions.
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Knowledge check 2


Suggest which of magnesium fluoride, magnesium chloride, calcium fluoride and calcium chloride would have the largest value for its lattice enthalpy. Explain your answer.
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Enthalpy of solution


Ionic compounds dissolve in water when the ionic lattice breaks up (lattice enthalpy) and the polar water molecules form bonds with the ions (enthalpy of hydration).


[image: ]


For sodium chloride:


[image: ]


The balance of the break-up of the ionic lattice and the bonds forming with water determines the enthalpy of solution.


The enthalpy of solution can be determined from other enthalpy values. For example, for sodium chloride:


[image: ]


The lattice enthalpy for sodium chloride is represented by:


[image: ]


The associated enthalpies of hydration are represented by:
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Exam tip


It is acceptable when writing the equation for solution of a substance to use (aq) to represent the water on the left-hand side of the equation. This also applies to equations for hydration of ions.
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These enthalpy changes fit together in the cycle shown in Figure 5.
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It is clear that 5 kJ of energy is released when 1 mol of NaCl dissolves in water to form a solution. It is not suggested that when NaCl dissolves in water, the ionic lattice breaks up into scattered gaseous ions, which then dissolve. However, it allows an alternative route for calculating enthalpy of solution values. According to Hess’s law this alternative route will give the same overall enthalpy change as the process through which the ions really undergo.


A simpler diagram for calculating enthalpy of solution may be as shown in Figure 6.
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Halides of metals with oxidation state +2


For halides of Group II and other metals with an oxidation state of +2, two times the enthalpy of hydration of the halide ion is required as there are 2 mol of halide ion in 1 mol of the ionic compound.
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Worked example


Calculate the enthalpy of hydration of chloride ions using the data in Table 2.


Table 2






	
Name of enthalpy change  

	
ΔH/kJ mol−1  






	Enthalpy of solution of calcium chloride  

	
  −141
  






	Lattice enthalpy of calcium chloride  

	
+2237
  






	Enthalpy of hydration of calcium ions  

	
−1650
  







[image: ]


The enthalpy of hydration of chloride ions is −364 kJ mol−1.
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When ionic compounds dissolve in water the polar water molecules are attracted to the charged ions. The δ− O atoms in H2O molecules are attracted to the positive ions and the δ+ H atoms in H2O molecules are attracted to the negative ions (Figure 7).




[image: ]
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Exam tip


Remember to show the polarity of the water molecules and the charge on the ions if you are asked for this type of diagram.
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Values for enthalpy of hydration





•  Enthalpy of hydration values are exothermic as energy is released when the ions are attracted to polar water molecules and form weak forces of attraction with the water molecules.



•  The enthalpy of hydration for fluoride ions is −506 kJ mol−1, which is more negative than the enthalpy of hydration for chloride ions (−364 kJ mol−1). This is because a smaller ion with the same charge has a higher charge density so the negative charge on the ion attracts the δ+ H on the water more strongly.



•  The same applies to cations. The enthalpy of hydration of the Mg2+ ion is −1920 kJ mol−1 whereas the enthalpy of hydration of Ca2+ ions is −1650 kJ mol−1. The Mg2+ ion is smaller and has a higher charge density than the Ca2+ ion so the positive charge on the ion attracts the δ− O on the water more strongly.
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Knowledge check 3


Calculate the enthalpy of solution of magnesium fluoride if its lattice enthalpy is +2883 kJ mol−1 and the hydration enthalpies of the Mg2+ and F− ions are −1920 kJ mol−1 and −506 kJ mol−1, respectively.
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Summary





•  Lattice enthalpy is the enthalpy of the breaking of 1 mol of the ionic compound into gaseous ions and is endothermic (ΔH is positive).



•  A Born–Haber cycle allows us to calculate the lattice enthalpy from atomisation enthalpy values, ionisation enthalpy values, bond dissociation enthalpy values, electron affinities and enthalpy of formation values.
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