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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.


[image: ]







[image: ]


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 CCEA Chemistry A2 Unit 2: Analytical, transition metals, electrochemistry and organic nitrogen chemistry. It has two sections:





•  The Content Guidance covers the content of A2 Unit 2 and includes helpful exam tips on how to approach revision and improve exam technique. Do not skim over these tips as they provide important guidance. There are also knowledge check questions throughout this section, with answers at the back 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 commentary on the common pitfalls to avoid. This section contains many different examples of questions, but you should also refer to past papers for this unit, which are available online (www.ccea.org.uk/chemistry). The examination will consist of ten multiple-choice questions (each with four options, A to D), followed by several structured questions.





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


Both AS Unit 1 and AS Unit 2 are awarded out of 96 and the AS Unit 3 (examining practical work and planning from AS Unit 1 and AS Unit 2) is awarded out of 48 uniform marks, giving a possible total of 240 for AS chemistry. Both A2 Unit 1 and A2 Unit 2 are awarded out of 144 and the A2 Unit 3 (examining practical work and planning from A2 Unit 1 and A2 Unit 2) is awarded out of 72 uniform marks, giving a possible total of 360 for A2 chemistry. A2 chemistry makes up 60% of the overall A-level.


General tips


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, chromium(III) hydroxide is a green-blue solid, so both green and blue 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 a solution of Fe3+ ions, 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. If only one colour is given for a chemical then use this single colour — for example, blue for the colour of the precipitate when sodium hydroxide solution is added to a solution containing Cu2+ ions. 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.


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



Mass spectrometry


Mass spectrometry is an analytical technique in which a sample can be analysed or identified from its mass spectrum.



The process of mass spectrometry



Mass spectrometry is a process in which a sample is:





1  vaporised/atomised — turned into gaseous particles



2  ionised — bombarded by electrons to knock off electrons and create singly charged positive ions



3  accelerated — made to move rapidly



4  deflected — made to follow a path by a magnetic field



5  detected — counted as the ions hit an ion detector





The magnetic field in stage 4 above is varied. As all ions have a single positive charge, the mass of the ion determines how far it is deflected. Only ions with a mass suitable for the magnetic field being applied will reach the detector. By varying the magnetic field, all ions and their abundances can be detected.
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Exam tip


The actual process of mass spectrometry is not examined but it is important to know how the ions are produced so that you can understand the process.
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Uses of mass spectrometry



Mass spectrometry is a technique used to determine the following:





•  relative atomic mass (RAM) of elements



•  existence of isotopes of elements and their relative abundance



•  relative molecular mass (RMM) of compounds (mostly organic)



•  the molecular groups contained in compounds, by determining the structures in the fragmentation pattern present in the spectrum



•  identity of the structure of compounds by comparison of the spectrum with a database of known compounds



•  the mechanism of a reaction, by labelling an atom (using a heavier isotope such as 18O) and following its path through the reaction
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Exam tip


The first two bullet points were covered in AS Unit 1 in the mass spectrometry section of Atomic structure. You should revise this as an introduction before you look at this section, because there are synoptic questions at A2 and mass spectrometry could be one of them.
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Features of a mass spectrum





•  The vertical axis of a mass spectrum is relative abundance; the abundance of all ions is measured relative to the abundance of the base peak (usually set to 100).



•  The horizontal axis is m/e or m/z (mass to charge ratio). As charges are all +1 then the m/e (m/z) axis is really a mass axis.



•  The base peak is the highest/tallest (most abundant) peak in the spectrum (and so it is the peak for the most stable ion).



•  The molecular ion peak (M+) is the last major peak in the spectrum with the highest m/e value.



•  The fragmentation pattern is the pattern of peaks with m/e values lower than the molecular ion peak.



•  The (M+1)+ peak is a small peak one m/e value above the M+ peak. It is caused by the presence of one 13C atom in a molecular ion.
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Exam tip


The horizontal axis of a mass spectrum should be labelled m/e (or m/z).





Mass spectrometry of elements


All isotopes of the elements are shown with their relative abundances. Relative atomic mass (RAM) of the element can be calculated by:





•  multiplying the m/e value by the relative abundance for every isotope



•  adding all these values together



•  dividing by the total of all the relative abundances





The species responsible for peaks are indicated with mass number and charge — for example, 65Zn+ or 37Cl+. For diatomic elements such as the halogens, peaks will be seen for the molecules. For example, for chlorine peaks will be seen at:





•  74 caused by (37Cl–37Cl)+




•  72 caused by (35Cl–37Cl)+




•  70 caused by (35Cl–35Cl)+




•  37 caused by 37Cl+




•  35 caused by 35Cl+
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Knowledge check 1


What name is given to the most abundance peak in a mass spectrum?
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Exam tip


In the mass spectrometer, the Cl2 molecule is ionised by loss of an electron from the outer shell of one of the chlorine atoms, Cl2 → Cl2+ + e−. The Cl2+ ion may be broken down into a chlorine ion, Cl+ and a chlorine radical, Cl•. So, Cl2+ → Cl+ + Cl•. The Cl2+ and Cl+ ions would be accelerated and detected by mass spectrometry.
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Mass spectrometry of compounds


Molecules of compounds are fragmented in a mass spectrometer. The mass spectrum of a compound shows the molecular ion as well as all the fragment ions.



Example of mass spectrum



Figure 1 shows the mass spectrum for ethyl ethanoate, CH3COOCH2CH3.
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Explanation of the spectrum





•  The molecular ion (M+) peak is at the m/e value of 88 and the species responsible is CH3COOCH2CH3+.



•  The (M+1)+ peak is at an m/e value of 89 and is caused by one 13C atom in the molecular ion. The species responsible for this peak can be represented by 13CH3COOCH2CH3+ but the 13C could be any one of the carbon atoms in the parent molecule.



•  The most stable ion is the species causing the peak at an m/e value of 43 (base peak) and the species responsible is represented by CH3CO+.



•  The RMM of the compound is 88 as the molecular ion (M+) is found at an m/e value of 88.



•  Other major peaks, and the species responsible, are:







    •  m/e = 29    species = CH3CH2+ or C2H5+



    •  m/e = 45    species = CH3CH2O+ or C2H5O+









•  The pattern for m/e values below the molecular ion peak at 88 is caused by the molecule fragmenting during vaporisation and ionisation. The pattern is called the fragmentation pattern and is unique to a particular molecule.
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Exam tip


Mass numbers are only included when the most common isotope of the element is not present. For the (M+1)+ peak, the species responsible can have any one carbon atom as a 13C.
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Exam tip


If you are unsure about what species causes a fragment, break up the molecule by breaking any C–C bonds and working out the RMM of the fragments created.
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Fragmentation pattern



All peaks below the molecular ion peak are caused by fragmentation of the molecule. The process of mass spectrometry is extremely disruptive and will break the molecule apart, breaking the covalent bonds and creating fragment ions of the molecule. The spectrum in Figure 2 is that of ethanol.
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Exam tip


When asked what species causes a peak, always remember to include a single positive charge on the particle.
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Exam tip


Questions are often set on identifying the species responsible for the peaks in the fragmentation pattern in a mass spectrum.


[image: ]





The molecular ion is not the most stable ion formed. The most stable ion is the base peak ion, which in the spectrum of ethanol is at an m/e value of 31.


The molecular ion peak is C2H5OH+ (the + charge is essential when identifying a peak).


The structure of ethanol is shown in Figure 3.
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Identifying peaks in the spectrum


When working out which species is responsible for the peak at 31, check the mass of the individual parts of the ethanol molecule. C–H bonds are usually the last to be broken. Major fragments of the molecule are shown in Figure 4.
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The fragments can be considered independently and therefore we would expect peaks at m/e ratios of 15, 14 and 17, which are small peaks but are still present.


Often, there is a peak at the m/e value 1 unit less than the RMM of the compound as the compound loses one hydrogen atom. This is sometimes called the (M−1)+ peak. The H atom of OH is easily lost so the mass spectrum of ethanol has an (M–1)+ peak at an m/e value of 45.
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Exam tip


Peaks would also be expected at m/e values of 29 (15 + 14) and 31 (14 + 17). There should be no peak at the m/e value of 32 (15 + 17) as these parts are not together in the molecule and the molecule would have to fragment and then reform, which is not possible. The absence of a peak can be important in distinguishing between different isomers.
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•  The peak at m/e 31 is the base peak. It is caused by the ion CH2OH+.



•  The peak at m/e 29 is caused by the ion CH3CH2+.



•  The peak at m/e 15 is caused by the ion CH3+.



•  The peak at m/e 14 is caused by the ion CH2+.



•  The peak at m/e 17 is caused by the ion OH+.
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Exam tip


For some peaks in a mass spectrum, there is more than one option for each ion. For the peak at an m/e value of 28, there are two possibilities: CH3CH+ or CH2CH2+. Either ion is acceptable. However, it is important to remember that the charge on the ion must be included when you are asked what species is causing the presence of a peak.
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For larger molecules, the identity of a species that causes a peak in a spectrum can be determined by calculating the mass that has been lost from the molecular ion. For example, the peak at m/e 31 (the base peak) shows a difference of 15 from the RMM of the molecule (46 – 31 = 15). The part of the molecule responsible for a mass of 15 has to be CH3. This would mean that the molecule has lost CH3, hence leaving the ion CH2OH+.


(M+1)+ peak


As the (M+1)+ peak is caused by 13C and this occurs as 1.1% of all carbon atoms, the relative abundance of the (M+1)+ peak as a percentage of the relative abundance of the M+ peak gives a measure of the number of carbon atoms in a molecule. A percentage value of around 1.1 indicates one carbon, 2.2 indicates two carbons, 3.3 indicates three carbons, and so on. In the mass spectrum of ethanol (Figure 2) the M+ peak has a relative abundance of 22 and the (M+1)+ peak has a relative abundance of 0.5. The percentage is (0.5/22) × 100 = 2.27%, which would indicate two carbon atoms.


Unknown mass spectrum


Sometimes the composition by mass of a compound may be given and you will be asked to determine the empirical formula of the compound and to use this with the mass spectrum to help identify the compound.
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Worked example


An organic compound contains 68.9% carbon, 4.9% hydrogen and 26.2% oxygen by mass. Determine its empirical formula and use the mass spectrum in Figure 5 to determine a possible identity of the compound.
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The mass spectrum can provide a great deal of information about the molecule, including its identity, from a relatively simple analysis:





•  The RMM of the molecule is 122.



•  The relative abundance of the M+ peak is 97 and the relative abundance of the (M+1)+ peak is 7.5. (7.5/97) × 100 = 7.73% which suggests seven carbon atoms, confirming that the empirical formula is the same as the molecular formula.



•  There is the possibility that it is a molecule containing a benzene ring. Peaks around 72 to 77 would provide more evidence for the presence of a benzene ring. Benzene has an RMM of 78 but a substituted benzene ring would have fewer hydrogen atoms. A large peak at an m/e value of 77 is caused by the C6H5+ ion.



•  The fact that the fragmentation pattern peaks below 72 are small would also indicate a benzene ring because it is more stable and not disrupted as easily as an aliphatic (straight-chain) molecule.



•  The removal of C6H5 from the empirical formula would leave CHO2 or COOH, which would possibly suggest benzoic acid, C6H5COOH. Esters are isomeric with carboxylic acids so phenyl methanoate, HCOOC6H5, is another possibility.



•  The RMMs of benzoic acid and phenyl methanoate are both 122, which is the same as the m/e value for M+ peak.



•  Benzoic acid will always give the same fragmentation pattern under the same conditions and so comparison with known spectra can identify the molecule.
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