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About this book


The purpose of this guide is to help you to prepare for practical-based questions that you will encounter in papers 1 and 2 of the Edexcel AS Chemistry qualification and papers 1, 2 and 3 in the full Edexcel A-level Chemistry qualification.


All papers in the A-level examination will examine ‘Working as a chemist’. This means students:





•  working scientifically, developing competence in manipulating quantities and their units, including making estimates



•  experiencing a wide variety of practical work, developing practical and investigative skills by planning, carrying out and evaluating experiments, and becoming knowledgeable about the ways in which scientific ideas are used



•  developing the ability to communicate their knowledge and understanding of chemistry



•  acquiring these skills through examples and applications from the entire course





In particular, paper 3 covers the general and practical principles of chemistry. It is of 2 hours and 30 minutes duration and is worth 120 marks. This paper may draw on any of the topics in this specification and includes:





•  synoptic questions that may draw on two or more different topics



•  questions that assess conceptual and theoretical understanding of experimental methods (indirect practical skills), which will draw on students’ experiences of the core practicals





In the AS examination there are just two papers and questions based on practical work may be set in both papers.


During your AS/Year 1 chemistry course you will tackle eight core practical investigations and a further eight practical investigations if you are preparing for the full A-level qualification. You will need to keep a record of your observations and inferences as you progress, and take time to reflect on how the procedures help to illustrate the theoretical ideas you study. If you simply follow practical instructions uncritically, questions on all three papers that require you to have a full appreciation of practical chemistry will catch you out. If, however, you think carefully about why you are carrying out certain procedures and are aware of their possible limitations, you will be in a better position to answer these questions and gain full credit.


This guide has two sections:





•  The first section takes you through the eight AS/Year 1 core practical and the eight A-level/Year 2 core practical investigations, as detailed in the Edexcel (8CH0/9CH0) specification. Each practical is considered in context and links are made to the theoretical aspects of the course. The questions posed in each core practical will test your full understanding of the procedure and how improvements might be made. Throughout, issues relating to precision, uncertainty and handling of data appropriately are considered as they are encountered.



•  The Questions & Answers section consists of exam-style questions of the type you can expect to encounter in papers 1 and 2 at AS, and in papers 1, 2 and 3 at A-level. Each question includes commentary on how the question should be tackled and how marks are awarded, and is accompanied with a sample answer.





Specification details and supplementary information can be found at
http://qualifications.pearson.com/en/qualifications/edexcel-a-levels/chemistry-2015.html





Core Practicals



Core practical 1


Measure the molar volume of a gas


In this practical, known quantities of reactants are combined to produce a gas, which is collected over water. By knowing the relationship between the number of moles of reactants and products as shown in the balanced equation, it is possible to estimate a value for the volume of 1 mole of a gas. Make sure that you are comfortable converting masses of solids into moles and volumes of gases into moles.


For solids (and liquids):


[image: ]


For gases:
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The procedure





1  Place 30 cm3 of 1 mol dm−3 ethanoic acid in a boiling tube.



2  Set up the apparatus as shown in Figure 1.
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3  Place approximately 0.05 g of calcium carbonate in a test tube and weigh the test tube and its contents accurately.



4  Removing the bung from the boiling tube, add the contents of the test tube and quickly replace the bung.



5  As the reaction progresses, the gas is collected over water.



6  Once the reaction is complete, measure the volume of gas collected in the measuring cylinder.



7  Reweigh the test tube that contained the calcium carbonate.



8  Repeat the experiment six more times, increasing the mass of the calcium carbonate by about 0.05 g each time, up to a maximum of 0.40 g.





The reaction is represented in the following equation:
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Introductory questions: part 1





a  Identify the acid and the base in this reaction and explain why the base cannot be classified as an alkali.



b  Re-write the equation above in the form of an ionic equation.



c  Calculate the number of moles in 0.36 g of calcium carbonate. Give your answer to the appropriate number of significant figures.



d  Calculate the number of moles of ethanoic acid in 30 cm3 of 1 mol dm−3 solution.



e  Why is it not important to have the concentration of the acid measured to any greater accuracy than 1 mol dm−3?



f  Describe what you would see as the reaction proceeds.



g  How do you know when the reaction is complete?
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Practical tip


Remember that an acid is an H+ ion (sometimes referred to as a proton) donor.
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Practical tip


Remember that the number of significant figures that you can give your answer is determined by the measurement made to the least number of significant figures.


[image: ]





Theoretical background


Before we consider this reaction in detail, let us reflect on the concept of the molar gas volume. Why is it reasonable to say that 1 mole of any gas will occupy the same volume under the same conditions of temperature and pressure?
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Practical tip


Remember that at 101 kPa and 298 K the volume of 1 mole of any gas can be assumed to be 24 dm3 and at 100 kPa and 273 K the volume of 1 mole of gas is 22.4 dm3.
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Introductory questions: part 2


Let us start by considering two gaseous molecules under conditions of 101 kPa and 298 K.





a  Work out the Mr of the molecules H2 and SO2.



b  What assumptions are needed to explain why these two gases occupy the same volume at the same temperature and pressure?



c  Draw a set of axes with volume of 1 mole of gas on the y-axis and temperature in K on the x-axis and plot the two points for the molar gas volumes given in the margin tip.



d  Using the relationship PV = nRT, calculate the volume of 1 mole of a gas at 150 K. (R = 8.31 J K−1 mol−1)



e  Extrapolate the graph you have drawn in part c to get a volume for the gas at 150 K. How closely does your value agree with that calculated in part d?





Some sample results from CP1
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Questions on practical data





a  Plot a graph of mass of calcium carbonate added (x-axis) against volume of gas collected (y-axis).



b  Connect the points using a line of best fit.



c  What are the problems in extending this graph to estimate a value for the molar gas volume?



d  Use the results above to calculate an average value for the molar gas volume. What do you notice?



e  Now use the results from experiment 6 only to calculate a value for the molar gas volume.



f  Compare your results from parts d and e and your expected result. What do you notice?





How might this experiment be improved?


In the experiment above, the gas was collected over water. Can you think why this method might be less suitable for some gases than others?


Consider the data in Table 2.


Table 2






	Gas

	Solubility/g per 100 g water at 298 K and 101 KPa






	CO2


	        0.17






	O2


	        0.0043






	H2


	        0.00016










g  Referring to Table 2, outline another method for measuring the molar gas volume. You should detail the method and the reactants used and indicate why your method is an improvement on the one outlined above.





Answers


Introductory questions: part 1





a  Ethanoic acid is the acid and calcium carbonate is the base. An alkali is a soluble base and calcium carbonate is insoluble.



b  CaCO3(s) + 2H+(aq) [image: ] Ca2+(aq) + H2O(l) + CO2(g)



c  0.36/Mr of CaCO3 = 0.36/100.1 = 3.60 × 10−3. 2 s.f. is the maximum number of s.f. as the mass is given to only 2.s.f.



d  C = n/V, so 1 = n/0.03 = 0.03 moles of acid.



e  As the acid is in excess, the concentration of the acid to 1 s.f. is acceptable.



f  There would be a slight effervescence.



g  The bubbling would stop and the remaining products would be a colourless solution.





Introductory questions: part 2





a  Mr of H2 = 2; Mr of SO2 = 64.1



b  The assumption is that the actual volume taken up by the molecules themselves is negligible. In other words, the distance between the molecules in the gaseous state is so great that the molecules themselves can be considered as points in space.



c  [image: ]




d  Using PV = nRT, 101 × V = 1 × 8.31 × 150, V = 12.3 dm3




e  Extrapolation gives 12–12.5 dm3.





Questions on practical data





a, b  [image: ]









c  It is more difficult to extrapolate, as the relationship is not linear.



d  You can calculate the gas volume but the value is (a) low and (b) depends on which experiment is used. You could use the total volume of gas (164 cm3) and total mass 1.16 g. Then use ratios: 1.16/164 = 100.1/V, where V = volume of 1 mole = 14.2 dm3.



e  Using experiment 6 only: (100.1 × 75)/0.38 = 19.8 dm3.



f  The expected value is 24 dm3, so the value from experiment 6 is closer to the expected result.





How might this experiment be improved?


The main point to notice here is that CP1 gives inconsistent results that are possibly due to the relatively high solubility of carbon dioxide in water. This might explain why the first experiments with low masses of carbonate and thus small volumes of carbon dioxide give poor results for the estimation of the molar gas volume. This is because a large percentage of the carbon dioxide produced will dissolve in the water. As larger masses of carbonate are used, then a smaller percentage of the carbon dioxide produced will dissolve in the water.





g  From Table 1, estimating the molar gas volume by using a reaction that produces a known amount of hydrogen gas would be better because hydrogen has a much lower solubility in water.







    Thus using the same apparatus, but changing the reactants to Mg(s) and H2SO4(aq) would be a possible option. Mg ribbon could be coiled in such a way that it sticks at the top of the boiling tube and does not make contact with the acid until the bung is inserted and the reactants mixed by gentle shaking.







    An initial experiment should be carried out to ensure that the reaction between the Mg and H2SO4 is not too vigorous and amounts should be calculated so that the acid is in excess.





Core practical 2


Use a standard solution to find the concentration of a solution of sodium hydroxide


Despite the many recent advances in analytical chemistry, titrimetric analysis still plays an important role in the quantitative analysis of unknown solutions. The basic principle is as follows





•  The volume of a solution of known concentration (the standard) is added slowly to a known volume of solution of which the concentration is only approximately known.



•  The end point of the reaction is indicated by a rapid change that can be measured, such as a colour change as determined by an indicator.





In this practical the end point of the titration is determined by the clear colour change of the indicator used. The validity of your results will be determined by the precision to which you make your standard solution. You need to make sure that you are comfortable using the following equation:
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Before we consider the titration, it is important that we consider the preparation of the standard solution. The quality of a measurement will depend on the precision of your standard.


Procedure 1: the standard





1  Weigh an empty test tube. Weigh approximately 2.5 g of sulfamic acid into the test tube.



2  Reweigh the test tube and its contents accurately.



3  Add the sulfamic acid to approximately 100 cm3 of distilled water in a 250 cm3 beaker.



4  Reweigh the test tube. The mass difference is the mass of sulfamic acid you have used to make your standard solution.



5  Ensure all of the sulfamic acid has dissolved and then transfer the solution into a 250 cm3 volumetric flask. Ensure that you rinse the beaker and add all washings to the volumetric flask.



6  Make up the final volume to 250 cm3 in the volumetric flask and then stopper the flask.





Introductory questions


What makes a good standard?


A good standard for titrimetric analysis should have the following qualities:





•  It should be available at a high level of purity.



•  It should be a solid of a high molar mass.



•  It should be stable in air (that is, it should not react with carbon dioxide, water vapour or oxygen).



•  It should have a high solubility in the solvent (usually water).





Let us consider the standard used in this practical. It is sulfamic acid, NH2SO3H. An alternative standard is potassium hydrogen phthalate (KHP for short), C8H5O4K (also an acid).





a  Calculate the relative molecular mass of the two standards to 1 d.p.



b  Assuming the mass balance used can record to ± 0.01 g, calculate the percentage error for the two standards.



c  Which of the two standards offers the greater precision? Explain your answer.
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Practical tip


Remember to use the relative atomic masses as given on the periodic table in your data book.
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Procedure 2: the titration
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1  Using a suitable volumetric pipette, transfer 25.00 cm3 of the sodium hydroxide into a 250 cm3 conical flask (Figure 2).



2  Add four drops of methyl orange indicator to the conical flask and note the colour.



3  Titrate the contents of the conical flask against your standard. You should aim to carry out a rough titration followed by titrations to a precision of no less than ±0.05 cm3.



4  You can stop once you have two concordant titrations.



5  Record all your results in a suitable table.
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Practical tip


Remember concordant titres must be within 0.20 cm3 of each other.
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Sample results


Table 3






	Mass of test tube + sulfamic acid/g

	21.47






	Mass of test tube – sulfamic acid/g

	19.05






	Mass of sulfamic acid added/g

	  2.42
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Analysis of results





a  Calculate the concentration of your standard to three significant figures.



b  Use your results to calculate a suitable average for your titration.



c  Write a balanced equation for the reaction.



d  How did you decide when the end point of the reaction was reached?



e  Calculate the concentration of the sodium hydroxide solution to a suitable number of significant figures.



f  The balance used in the experiment is accurate to ±0.01 g. The volumetric flask is accurate to ±0.05 cm3. Calculate the percentage uncertainty in your standard, showing all working.



g  Calculate the percentage error when using the pipette.



h  Calculate the percentage uncertainty in your average titration.



i  Hence, using your answers to parts g and h, calculate the highest concentration of the sodium hydroxide possible within the range of uncertainty.



j  A student left the top off the sodium hydroxide solution for a period of several hours. Suggest how this might affect the concentration of the sodium hydroxide.
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