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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit 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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Summary




•  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 AS Chemistry Unit 2: Further Physical and Inorganic Chemistry and Introduction to Organic Chemistry. It has two sections:


The Content Guidance section covers all of Unit 2 and includes helpful examiner 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 end of the book. At the end of each section there is a summary of the key points covered. There are several areas in this unit that are essential to other units in the course — for example, nomenclature and isomerism, energetics, equilibrium and kinetics. These topics and indeed all the content of this unit can be examined synoptically in A2 units.


The Questions and 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 10 multiple-choice questions (each with four options A to D), followed by several structured questions. This Questions and Answers section contains many different examples of questions, but you should also refer to past papers for this unit, which are available online.


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


General tips




•  Be accurate with your learning at this level as examiners will penalise incorrect wording.


•  For any calculation, always follow it through to the end even if you feel you have made a mistake, as there are marks for the correct method even if the final answer is incorrect.


•  Always attempt to answer a multiple-choice question even if it is a guess (you have a 25% chance of getting it right).





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, the Cu2+ flame test colour is blue-green so both blue and green 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 flame test for Na+ 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, white for the colour of the precipitate when silver nitrate solution is added to a solution containing chloride ions. This applies to all CCEA AS and A2 examinations. Check the colour document on the CCEA chemistry website (www.ccea.org.uk/chemistry) then select revised GCE for further guidance should this change.


The uniform mark you receive for each of Unit 1 and Unit 2 will be out of 105. Unit 3 (examining practical work and planning from AS1 and AS2) is awarded out of 90 uniform marks, giving a possible total of 300 for AS Chemistry.





Content Guidance


Formulae and amounts of substance


Empirical formula


The empirical formula of a compound is the simplest formula that states the composition of the compound. The empirical formula mass may be the same as the molar mass (units are g mol−1).


The formula that gives the correct molar mass is the molecular formula and it is a multiple of the empirical formula.


Determining formulae


When determining a formula you may be given:





(1) percentage composition by mass of the elements (or water) in the compound


     (Assume you have 100 g and change the percentages to grams.)



(2) mass data of the elements (or water) in the compound



(3) mass measurements that allow you to calculate the mass of each element (or water) in the compound









	Step 1:

	Work out the number of moles of each element (or water) in the compound.






	Step 2:

	Make the smallest number of moles equivalent to 1 and divide that into the other numbers of moles.






	Step 3:

	If there are any fractions from Step 2, multiply to get whole numbers.






	Step 4:

	Write the formula using the mole ratio from Step 3.
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Examiner tip


Be careful with diatomic elements. A common mistake is to use the RFM of H2 and Br2 in this type of question. Only use the RAM as you want the number of moles of the atoms of each element.
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Worked example 1


A compound was found to have the following percentage composition by mass: carbon 35.0%; hydrogen 6.6%; bromine 58.4%. Determine its empirical formula.


moles of carbon = [image: ] = 2.917


moles of hydrogen = [image: ] = 6.6


moles of bromine = [image: ] = 0.73


The smallest number of moles is for bromine, so the simplest ratio is:


bromine = 1    hydrogen = [image: ] = 9.04 = 9    carbon = [image: ] = 3.996 = 4


Empirical formula is C4H9Br.


Worked example 2


A halogenoalkane was found to have the following composition by mass: carbon 35.96 g; hydrogen 4.5 g; chlorine 159.54 g. Determine the empirical formula of the halogenoalkane.


moles of carbon = [image: ] = 2.997


moles of hydrogen = [image: ] = 4.5


moles of chlorine = [image: ] = 4.494


The smallest number of moles is for carbon, so the simplest ratio is:


carbon = 1    hydrogen = [image: ] = 1.501 = 1.5    chlorine = [image: ] = 1.499 = 1.5


Multiply by 2 to get a whole number ratio.


Empirical formula is C2H3Cl3.
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Examiner tip


The percentage values were given to 1 decimal place, so the ratio does not work out to exact whole numbers (e.g. 9.04 and 3.996). The closest whole number is used. If there is 0.5 or a 0.333, the ratio can be multiplied up to give a whole number ratio.
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Gas volume calculations


The molar gas volume (Vm) for any gas is the volume that 1 mol of the gas occupies under specified conditions of temperature and pressure. At 20°C and 1 atm pressure, Vm = 24 dm3 or 24 000 cm3.


The number of moles of a gas is converted to gas volume by multiplying by Vm:


gas volume = number of moles × Vm
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Examiner tip


The units of gas volume should be the same as those of Vm. If Vm is in cm3, then the gas volume will be in cm3; if Vm is in dm3, then the gas volume will be in dm3.
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The gas volume is converted to moles by dividing by Vm:


number of moles = [image: ]


Gas volume calculations are summarised in Figure 1.
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Figure 1





Gas laws


Gay-Lussac’s law states that in any reaction between gases the volumes of the reacting gases, measured at the same temperature and pressure, are in a simple ratio to one another and to the volumes of any gaseous products. This law relates to the fact that when gases react the volumes of gases in the reaction are in the same ratio as the balancing numbers in the equation for the reaction.


This law is derived from Avogadro’s law, which states that equal volumes of gases under the same conditions of temperature and pressure contain the same number of particles.


For example:


CH4(g)+ 2O2(g) → CO2(g) + 2H2O(g)


This means that 10 cm3 of methane react with 20 cm3 of oxygen to give 10 cm3 of carbon dioxide and 20 cm3 of water vapour, or 20 cm3 react with 40 cm3 to give 20 cm3 and 40 cm3 and so on.


This is true for all equations involving gases but only applies to the volumes of gases reacting or produced.
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Knowledge check 1


What volume of oxygen reacts with 15 cm3 of butane, C4H10, when it undergoes complete combustion?
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Worked example 1


In the following reaction, calculate the volume of oxygen gas, O2, needed to produce 10 cm3 of nitrogen monoxide gas, NO.


4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)


O2 : NO in the equation is 5 : 4


The volume of NO required is 10 cm3, so oxygen required = [image: ]×5 = 12.5cm3.
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Worked example 2


Calculate the volume of carbon dioxide, CO2, produced when 25 cm3 of propane gas, C3H8, is burned completely in 200 cm3 (an excess) of oxygen, O2. Calculate the volume of oxygen remaining at the end of the experiment.


C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(g)


25 cm3 of propane requires 125 cm3 of oxygen to produce 75 cm3 of carbon dioxide and 100 cm3 of water vapour. Therefore, 125 cm3 of the 200 cm3 of O2 is used. (Note that propane volume is the limiting factor).


200 cm3 − 125 cm3 = 75 cm3, so 75 cm3 of O2 remains after the reaction.
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Determining the formula of an unknown hydrocarbon


As can be seen from Example 2, the combustion of a gaseous hydrocarbon is a perfect application of Gay-Lussac’s law. Experimental gas volume data from the combustion of an unknown gaseous hydrocarbon can be used to determine its formula.
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Examiner tip


In such questions the three gas volumes required are: the volume of hydrocarbon (CxHy), the volume of oxygen (O2) used and the volume of carbon dioxide (CO2) formed. These volumes are then used to calculate the values of x and y in CxHy.
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Worked example 3


20 cm3 of an unknown gaseous hydrocarbon, CxHy, were mixed with 80 cm3 (an excess) of oxygen in a graduated tube. A spark was applied and the resulting mixture of gases allowed to cool to room temperature. 60 cm3 of gas remained. When this gas was exposed to sodium hydroxide solution, the volume reduced to 40 cm3. Determine the formula of the hydrocarbon, CxHy.


The general (annotated) equation for the combustion of a hydrocarbon CxHy is shown in Figure 2.




[image: ]

Figure 2





The initial mixture has a volume of 100 cm3 and there is an excess of O2 so all of the hydrocarbon, CxHy, is used and the mixture of gases after explosion contains O2, CO2 and H2O(g). The mixture is allowed to cool to room temperature, so the final 60 cm3 consists of CO2 and unused O2 as the water condenses.


When a gaseous mixture is exposed to sodium hydroxide solution (an alkali) the acidic gases in that mixture react with the sodium hydroxide and are removed into solution. Carbon dioxide is the only acidic gas in the combustion mixture so the decrease in volume is due to its removal. The volume remaining after treatment with sodium hydroxide is the excess O2 only.


Volume of CxHy = 20 cm3


Volume of CO2 = 20 cm3 (60 – 40)


Volume of O2 unused = 40 cm3


Volume of O2 used = 40 cm3 (80 – 40)


Ratio of CxHy : CO2 = 20 : 20 = 1 : 1, so X = 1


Ratio of CxHy : O2 used = 20 : 40 = 1 : 2, so X + [image: ] = 2


Therefore, 4x + y = 8


x = 1, so 4 + y = 8 and y = 4


Formula of hydrocarbon is CH4 (methane)
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Worked example 4


20 cm3 of an unknown gaseous hydrocarbon CxHy were sparked with 150 cm3 (an excess) of oxygen. When the resulting gases were cooled to room temperature the volume remaining was 110 cm3. Exposure of the gases to sodium hydroxide solution reduced the volume to 30 cm3. Determine the formula of the hydrocarbon.


Volume of CxHy = 20 cm3


Volume of CO2 = 80 cm3 (110 – 30)


Volume of O2 unused = 30 cm3


Volume of O2 used = 120 cm3 (150 – 30)


Ratio of CxHy : CO2 = 20 : 80 = 1 : 4, so x = 4


Ratio of CxHy : O2 used = 20 : 120 = 1 : 6, so X + [image: ] = 6


X + [image: ] = 6, so 4x + y = 24


x = 4, so 16 + y = 24 and y = 8


Formula of hydrocarbon is C4H8
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Worked example 5


100 cm3 of an unknown gaseous hydrocarbon, CxHy, were mixed with excess oxygen and a spark was applied. A contraction in volume of 200 cm3 was recorded after the mixture was cooled to room temperature. The mixture was treated with sodium hydroxide solution and a further contraction in volume of 200 cm3 was recorded. Determine the formula of the hydrocarbon CxHy.


The volume of CO2 is 200 cm3 (reduction using sodium hydroxide solution).


In this example you are not given any volume of oxygen, so you must work out the volume of oxygen used by considering the changes in gas volume during combustion (Figure 3).
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Figure 3





-200 = -100 – volume of O2 used + 200


Therefore, volume of O2 used = -100 + 200 + 200 = 300, so volume of O2 used = 300 cm3


Volume of CxHy = 100 cm3


Volume of CO2 = 200 cm3


Volume of O2 used = 300 cm3


Ratio of CxHy : CO2 = 100 : 200 = 1 : 2, so x = 2


Ratio of CxHy : O2 used = 100 : 300 = 1 : 3, so X + [image: ] = 3


X + [image: ] = 3, so 4x + y = 12


x = 2, so 8 + y = 12 and y = 4


Formula of hydrocarbon is C2H4.
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Percentage yield



Not all chemical reactions involve complete conversion to the desired product. The maximum mass of a product that could theoretically be obtained in a chemical reaction is called the theoretical yield. The actual mass of the product obtained is called the actual yield.


The percentage yield is calculated as follows:


percentage yield = [image: ]


so


theoretical yield = [image: ]


and


actual yield = [image: ]
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Examiner tip


Actual and theoretical yields may be either masses (which is more usual) or number of moles. Either is correct provided that the yields have the same units.
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Worked example 1


14.0 cm3 of butan-1-ol, C4H9OH (density 0.8 g cm-3) were used to prepare 1-bromobutane, C4H9Br. 9.5 g of 1-bromobutane were obtained. Determine the percentage yield.


The general method for this type of calculation is shown in Figure 4.




[image: ]

Figure 4





Mass of butan-1-ol = 0.8 × 14.0 = 11.2 g


Moles of reactant = [image: ] = 0.151 (RFM of butan-1-ol = 74)


Moles of product = 0.151 (1:1 ratio in equation)


Theoretical yield of product = 0.151 × 137 = 20.687 g (RFM of 1-bromobutane = 137)


Percentage yield = [image: ] × 100 = 45.92%
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Examiner tips


This type of question may be structured with headings. If so, follow the headings carefully as each will be worth a mark. Almost all reactions have a 1 : 1 ratio of reactant to product; if not, this will be made clear in an equation. Moles are calculated from mass and RFM, so here the volume of butan-1-ol is converted to mass (mass = density × volume).


A yield of 45.82% is obtained if the number of moles of reactant is not rounded down to 3 decimal places. Either answer is acceptable as long as the correct working out is shown. This applies to many calculations.
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Questions on percentage yield can be asked in reverse, i.e. you have to determine the mass (or volume) of the reactant required to form a certain mass (or volume) of product based on a given percentage yield. This is more common at A2 but can be asked at AS.
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Examiner tip


If the answer to a calculation is greater than 1 and there is a large number of decimal places, it is normal practice to write the answer to 2 or 3 decimal places. You may be told in the question how many decimal places are required, but if not, then give either 2 or 3.
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Worked example 2


In a reaction between magnesium and nitric acid, 12.7 g of magnesium nitrate were obtained, which was a 77% yield. Assuming an excess of nitric acid, calculate the mass of magnesium required.


Mg + 2HNO3 → Mg(NO3)2 + H2


Actual yield of magnesium nitrate = 12.7 g


Percentage yield = [image: ] × 100


So, theoretical yield = [image: ] × 100


Theoretical yield of magnesium nitrate (i.e. 100% yield) = [image: ] × 100 = 16.49 g


Theoretical yield (moles) of magnesium nitrate = [image: ] = 0.111


Moles of Mg required = 0.111 (as 1 : 1 ratio of Mg : Mg(NO3)2)


Mass of Mg required = 0.111 × 24 = 2.664 g
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Knowledge check 2


14.0 g of 1-bromopentane (RMM 151) were formed from 10.7 g of pentan-1-ol (RMM 88). Calculate the percentage yield to 1 decimal place.
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Atom economy


Atom economy is a measure of how efficiently the atoms in the reactants are used and converted to the desired product in a chemical reaction. It is calculated as a percentage using the following expression:


% atom economy = [image: ] × 100
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Worked example 1


Consider the reaction between bromine and cyclohexene:


[image: ]
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atom economy = [image: ] × 100 = 100%


This is an addition reaction. Such reactions have a 100% atom economy because there is only one product.
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Worked example 2


In the blast furnace, carbon monoxide is used to reduce iron oxide to iron:


[image: ]
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atom economy = [image: ] × 100 = 45.90%
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Understanding atom economy


Chemists often use percentage yield to determine the efficiency of a chemical synthesis. A high percentage yield indicates that the reaction is efficient in converting reactants into products, which is important for profit. However, percentage yield does not take into account any waste products.
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