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Introduction



About this guide


This guide is written for students studying the OCR (Salters) AS/A2 Chemistry course. It provides advice on the AS coursework unit F333: Chemistry in Practice and the A2 coursework unit F336: Chemistry Individual Investigation. The guide should be used in conjunction with the instructions you get from your teacher.


The guide is structured as follows:




•  The first section gives general advice on matters to do with practical work.


•  The second section gives advice for the AS coursework and the A2 individual investigation.


•  The appendix contains some extra areas of chemistry theory that may be useful in investigations.


•  Questions are given throughout to enable you to test your understanding. The answers are given at the back of the guide, but be sure you attempt the questions before looking at the answers.





Good luck with your AS tasks and your A2 individual investigation.


Safety


Some chemicals and apparatus are dangerous, yet accidents rarely occur in chemistry laboratories because teachers and students are careful to observe safety rules. You will have been given the rules for your school or college laboratory and you should follow them carefully.


Rules of admission to the laboratory


You will not be allowed into the laboratory unless a qualified adult is there to supervise you. Do not break this rule.


Protective clothing




•  You must wear safety spectacles in the laboratory. Some experiments require goggles or a face shield.


•  Laboratory coats should be worn, according to the instructions of your school or college.


•  For some experiments, protective gloves should be worn.





Rules concerning chemicals




•  Always follow instructions regarding chemicals, and use only those that are specified for a particular experiment.


•  If you have an accident, inform a teacher at once — never try to conceal it.


•  Do not take chemicals out of the laboratory.


•  Smell chemicals only when instructed to do so and then waft the vapour towards your nose.


•  Never eat or drink in the laboratory because your hands may be contaminated with chemicals.





Rules concerning apparatus




•  Certain apparatus can be dangerous — for example, anything hot or broken glassware.


•  Be careful when placing a rubber tube onto a glass tube (even fitting a pipette filler) — hold the two with your hands close together.


•  If you have an accident, tell your teacher.





Following instructions




•  In the laboratory, you must carry out only the experiments you have been told to do, not others that you have devised. If you feel that an ‘extra’ experiment would be a good idea, consult your teacher.


•  Some experiments must be carried out in a fume cupboard.


•  In your investigation, you will carry out several experiments that you have devised yourself. However, you must have given thought to these and written risk assessments (see p. 53) to which your teacher must agree before you start.





Behaviour




•  If you are normally of a carefree disposition, save this for outside the laboratory — a few moments of carelessness could cause an accident.


•  Follow rules about where you should leave bags, coats etc. when working in the laboratory.
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The first part of this section deals with obtaining, recording and processing the results (both numerical results and descriptive observations) of practical chemistry experiments.


This material is important for all chemistry students. For students studying Salters A-level chemistry, it is equally relevant to the A2 investigation and the AS tasks.


The second part describes practical techniques. Some of these are relevant to AS. All are relevant to the A2 investigations, although you will only use a few of them in any one investigation.





Experimental results



Reading instruments


If you are carrying out a quantitative experiment, you will have to read measurements from instruments, such as burettes, measuring cylinders, thermometers, balances and timers.


Burettes and measuring cylinders


The technique here is to read the bottom of the meniscus — the curved surface that a liquid takes up in contact with glass (see Figure 1).
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Figure 1 A burette reading 6.90 cm3





50 cm3 burettes are always read to the nearest 0.05 cm3, i.e. half the unit marked on the glassware.


Measuring cylinders come in different sizes but they should also be read to half the unit marked. For example, a 250 cm3 measuring cylinder is marked in 2 cm3 gradations, so it should be read to the nearest 1 cm3.


Questions




(1) Read the burettes shown in Figure 2.
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Figure 2 Read the burettes








(2) Read the measuring cylinders shown in Figure 3, to the usual degree of precision.
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Figure 3 Read the measuring cylinders





Thermometers


These are read to half the smallest marked unit. Therefore, a thermometer marked in units of 1°C is read to the nearest 0.5°C and a thermometer marked in 0.1°C units is read to 0.05°C. For example, the temperature in Figure 4 would be recorded as 6.5°C.
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Figure 4 A thermometer reading 6.5°C





Question




(3) Read the thermometers shown in Figure 5.
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Figure 5 Read the thermometers





Digital instruments


These are read from the display. If the last place is flickering or moving from one figure to the next, you might decide to record to one less place.


Reading balances


The best way to weigh out a substance is to use a weighing bottle or ‘weighing boat’. Weigh the boat plus contents beforehand, then tip out the contents and weigh the boat again. If any substance sticks to the boat, it will not introduce an error.


Where appropriate, a shortcut is to use the ‘tare’ control on the balance. Place the boat on the balance and press ‘tare’. The reading will go to zero. Then add the substance to the boat and record the mass. This method is quicker and works well if you can be sure that all the substance leaves the boat when tipped out. It does, however, make a difference to the uncertainty of measurement (see ‘Uncertainty and errors’ on p. 19), so it is good practice to record that you used the tare.


Recording data


All data should be recorded in tables. Before you start, think about what you are going to record and then draw up an appropriate table. Don’t jot down readings on scraps of paper. You should ensure that:




•  your table has a heading


•  you draw lines with a ruler between the columns (and rows if necessary) of the table


•  you give the units for each quantity (this can be done in column headings); the accepted way to give units is to use a slash (e.g. volume/cm3)


•  you record the reading from each instrument to the appropriate number of decimal places (‘Reading instruments’ above). If a thermometer has marks every 1°C, record readings as, for example, 10.5°C, 20.0°C. Do not forget the ‘.0’, where appropriate


•  you record all readings, not differences — for example, record the starting temperature and the final temperature, not the temperature rise or fall, which can be calculated from your data





An example of good recording is shown in Box 1 below.




Box 1: The temperature changes when zinc reacts with copper(II) sulfate solution


Preliminary data








	Mass of zinc (using ‘tare’ on balance)

	6.1 g






	Volume of 1.00 mol dm–3 copper(II) sulfate solution (pipette)

	25.00 cm3











Temperature variation with time
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See Question 6 (p. 13) for an opportunity to plot these data on a graph.






Question






(4) Point out the errors in the following example of recording data. 
The data given below come from an experiment to determine the volume of a mole of hydrogen gas. Some magnesium ribbon is introduced into a burette that is nearly full of dilute hydrochloric acid and is upside-down in a beaker of water. The magnesium reacts with the acid and gives off hydrogen, which pushes the acid down the burette.








•  The mass of magnesium used was 0.035 g in the first experiment and 0.03 in the second.



•  In the first experiment the volume in the burette changed by 30.0, in the second the burette readings were 45.3 and 18.65.






Plotting graphs


Graphs are an excellent way of presenting information about how one variable changes with another.


If possible, plot relationships that should give straight lines. These are easy to test and information can be obtained from their gradients.


Notes on graph plotting


When carrying out an investigation, plot at least some graphs by hand. Not only will this show-off your graph-plotting skills, it is often easier to obtain fine detail from hand-plotted graphs.




•  Decide the variables to be plotted.


•  Decide whether the origin should be on your graph (two variables are only proportional if the straight line goes through the origin).


•  Write a title — for example, ‘The relationship between rate and temperature’.


•  Choose scales so that you use most of the piece of graph paper and use a scale that is easy to read. Avoid strange scales (e.g. 5 units in three or four squares).


•  Use an HB pencil.


•  Label the axes with the quantity and unit — for example, time/s and rate/cm3 s-1.


•  Plot the independent variable (the one you fix) on the x-axis and the dependent variable on the y-axis. Note that if the independent variable is not continuous (e.g. can only be 1, 2, 3 etc.) or is categoric (Experiment 1, Experiment 2 etc.) use a bar chart, not a graph. However, bar charts are seldom suited to A-level work.


•  Plot the points carefully with small crosses ‘+’ (see error bars below).


•  Draw a smooth curve or the best straight line through the points. Do not join the points.





For examples see ‘Reaction-rate graphs’ in the Appendix (pp. 65–69).


Questions




(5) A reaction was carried out in which a gas was produced. The volume of gas was measured at 30-second intervals. The following results were obtained. Plot a graph of these results and draw a line of best fit.











	Time/s

	Vol/cm3






	30

	20






	60

	38






	90

	54






	120

	68






	150

	80






	180

	90






	210

	98






	240

	104






	270

	108






	300

	110






	330

	110












(6) Plot a graph of the data on ‘temperature variation with time’, given in Box 1 (p. 11).





Error bars


Note that the use of error bars is not required for AS and is not essential for A2.




•  Consider making the lengths of the arms of the crosses you plot an indication of the uncertainty in the data. The accepted symbol is:
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