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Get the most from this book

Welcome to the OCR A-level Chemistry 1 Student’s Book! This book covers Year 1 of the OCR A-level Chemistry specification and all content for the OCR AS Chemistry specification.

The following features have been included to help you get the most from this book.
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Prior knowledge

This is a short list of topics that you should be familiar with before starting a chapter. The questions will help to test your understanding.
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Key terms and formulae

These are highlighted in the text and definitions are given in the margin to help you pick out and learn these important concepts.
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Tips

These highlight important facts, common misconceptions and signpost you towards other relevant chapters.
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Test yourself questions

These short questions, found throughout each chapter, are useful for checking your understanding as you progress.
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Activities

These practical-based activities will help consolidate your learning and test your practical skills.
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Examples

Examples of questions or calculations are included to illustrate chapters and feature full workings and answers.
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Practice questions

You will find Practice questions, including multiple-choice questions, at the end of every chapter. These follow the style of the different types of questions with short and longer answers that you might see in your examination, and they are colour coded to highlight the level of difficulty. Challenge questions are also provided.
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Dedicated chapters for developing your Maths and Preparing for the exam can be found at the back of this book.

The questions in this book

The ‘Test yourself’ questions within the text of each chapter are designed to check that you have understood the short section of work that has just been covered. They are intended to be used during the course but can also be helpful while you are revising. The ‘Activities’ provide a chance to tackle a more extended question and also provide a check that you are able to understand and interpret experiments. The ‘Practice’ questions at the end of the chapters cover a broader section of work. They include multiple choice, structured and a smaller number of free response questions. They also sometimes focus on the evaluation of some experimental results. They are graded as follows:


•  Basic questions that everyone must be able to answer without difficulty within the exam.

•  Questions which cover work that are a regular feature of exams and that all competent candidates should be able to handle.

•  More demanding questions that sometimes go beyond the normal requirements of the exam but which the best candidates should be able to do.





	Challenge
	These are questions for the most able candidates to test their full understanding and sometimes their ability to use ideas in a novel situation.




It must be emphasised that although these questions cover the skills and knowledge required to be successful in the examination, they are not exam questions as such. Many only cover components of questions which on the exam paper may come from more than one section of the specification. When you are confident that your knowledge base and your understanding is sufficient you must start practising the past examination questions which are available from the OCR website. Mark schemes are also available and these are very helpful in making it clear what points examiners are looking for and the depth that they expect. The best practice for the exam is doing past exams.


Chapter 1

Practical skills

As part of the full A Level course you must carry out a number of experiments which are separately assessed and lead to a practical endorsement. Contained in the chapters of this book you will find sections to help you understand the correct use of apparatus and the methods required to carry out these tasks. However, within both the AS and A Level courses, the written papers may also include questions that require you to understand the limits of reliability of the techniques that you have studied. This chapter gives some guidance to help support your understanding of laboratory work.

The precision of apparatus

Each piece of laboratory apparatus used to measure a quantity has a limit to its precision. For example, a basic balance may give a measurement to the nearest gram; greater precision may be achieved by using a balance capable of reading to one, two, three or even four decimal places. The volume of a liquid can be measured using a graduated beaker, a measuring cylinder or volumetric apparatus. Each of these has a different level of precision. For most measuring equipment, the manufacturer will give the maximum error that is inherent in using that piece of apparatus; this is sometimes etched onto the apparatus but, in other cases, will need to be looked up. Not all experiments require the quantities measured to be exact, but if a quantitative result is needed, you should be aware of the limitations of the apparatus used.

The maximum error is an inevitable part of using that piece of equipment and is distinct from the competence with which the experiment is carried out. Important decisions are sometimes based on the results of experiments. For example, titrations are used in health care, in the food industry and in forensic science. It is crucial that the people making decisions based on the results obtained understand the extent to which they can rely on the data from their analysis.

Measuring volumes of liquids

Beakers and conical flasks

Markings on the sides of beakers and conical flasks serve only as a very rough guide to the volume taken and it is impossible to assess the maximum error involved in their use; however, it is likely to be large. Calibrated beakers and conical flasks are not suitable for measuring volumes reliably.
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Tip

In an exam you will be told the maximum error that applies to a particular piece of apparatus.
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Measuring cylinders

Unless otherwise indicated, a useful rule of thumb for measuring cylinders is that they have a maximum error of one-half of the difference between the graduation marks. If a 25 cm3 measuring cylinder has graduations every 0.5 cm3, the error is 0.25 cm3. If it is used to measure a volume of 20 cm3, then the true volume lies between 19.75 cm3 and 20.25 cm3. This can usefully be expressed as a percentage error because it can then be carried forward and applied to other results that are based on the measurement. In this case the percentage error is:
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Key term

Percentage error is [image: ]
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A 100 cm3 measuring cylinder may have graduations every 1 cm3. The maximum error is, therefore, 0.5 cm3. So, 20 cm3 measured in a 100 cm3 cylinder is 20 ± 0.5 cm3. The percentage error is:
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A 250 cm3 measuring cylinder usually has graduations every 2 cm3. The maximum error is, therefore, 1 cm3. So, 20 cm3 measured in a 250 cm3 cylinder is 20 ± 1 cm3. This has a large percentage error of 5%.

The difference in the error made in taking these measurements is considerable.

An increased error arises if both the start and end graduations are used to measure a volume. For example, if 20 cm3 of water is measured by filling a 100 cm3 measuring cylinder to the 100 cm3 mark and then pouring off the water until the 80 cm3 mark is reached, both the start and the end gradations are subject to a maximum error of 0.5 cm3. It is possible that the starting volume could be 100.5 cm3 and the end volume 79.5 cm3. The possible error is therefore 1 cm3 in the 20 cm3 measured, which is 5% (although this is probably greater than the experimental reality).

Volumetric equipment

Volumetric apparatus includes pipettes, burettes and volumetric flasks.


•  A pipette is usually selected when a small fixed volume of liquid or solution is required.

•  A burette is used to provide more variable volumes.

•  A volumetric flask is used when a larger volume of liquid or solution is required.



Using a pipette

A pipette is used to deliver a precise volume of solution (see Figure 1.1). The maximum error will vary according to the quality of its manufacture. For routine work a 25.0 cm3 pipette with a maximum error of 0.06 cm3 is often used.
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The percentage error is:

[image: ]

This is a much smaller error than would occur if a measuring cylinder had been used. The percentage error using a 25 cm3 measuring cylinder was 1.25% (see above), hence the pipette is over 5 times more reliable.

Some pipettes are graduated to allow a volume less than the full capacity to be dispensed. These are useful but usually have a greater maximum error than a standard pipette.
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Tip

Since the solution that is sucked into the pipette may be poisonous, a pipette filler must always be used.
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Using a burette

When used correctly a volume measured by a burette has only a small error.
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Tip

A funnel should be used to fill a burette so that solution is not spilled down the outside (Figure 1.2). Care must be taken not to overfill it. The tap should, of course, be closed during this procedure. However, before recording a volume, the funnel should be removed and some solution should be run out so that the space below the tap is filled.
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The required volume is measured as the difference between final and initial readings. It is usual to read from the bottom of the meniscus but, because two readings are being subtracted, the top of the solution could be used.

Burettes usually have graduations every 0.1 cm3 and should, therefore, have a maximum error of 0.05 cm3. The volume delivered is the difference between two measurements, so the volume obtained has a potential uncertainty of 0.1 cm3. The percentage error will vary with the volume that has been measured.
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Tip

There are different grades of burette, so the maximum error in any reading will vary. In an exam the maximum error will be stated if you are required to consider it.
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Test yourself


1  Figure 1.3 shows four burettes.
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    a) Record the readings for each of the four burettes.

    b) Calculate the percentage error in each of the burette readings. Assume the maximum error of each reading to be 0.05 cm3 and give your answer to 2 decimal places.

    c) If the burette reading in A is the initial reading and burette reading in B is the final reading




        i) calculate the titre volume

        ii) calculate the percentage error in the titre volume.
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Tip

If 250 cm3 were measured using a 50 cm3 burette filled five times, the exercise would not only be more tedious, but it would also have a greater error because each time the burette was used there would be an error in the volume measured.
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Using a volumetric flask

The mark on the neck of a volumetric flask indicates a specific volume. The maximum error is almost certain to be etched on the flask and is usually of the order of 0.125%. If a volumetric flask is used to measure 250.0 cm3, the volume obtained has a maximum error of:
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This means that the true volume lies between 249.7 cm3 and 250.3 cm3.

A volume measured in a volumetric flask is very precise. It holds the specified volume when the bottom of the meniscus of the solution sits on the engraved marking on the neck of the flask.
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Tip

The volume of solution held by a volumetric flask will depend on its temperature. Do not pour hot solutions into a volumetric flask.
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If it is necessary to dissolve a solid in water to make the solution to place in a volumetric flask, care is needed. It is usual to dissolve the solid first in a container such as a beaker using a volume of distilled water that is less than that required for the solution. A beaker is used so that, if necessary, the contents can be warmed to encourage the solid to dissolve. Once dissolved, the solution must be allowed to cool to room temperature before being transferred to the volumetric flask, using a funnel. Any solution remaining in the beaker is washed into the flask. Distilled water is added carefully to the flask until the meniscus sits on the engraved mark on the neck. With the stopper firmly in place, the flask is inverted a few times to ensure that the solution is completely mixed. The procedure is illustrated in Figure 1.4.
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Solutions made up in a volumetric flask are sometimes referred to as standard solutions.
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Key term

A standard solution is a solution with a precisely known concentration.



[image: ]

Measurement of mass

If a balance measures to one decimal place, the mass measured will normally have a maximum error of 0.1 g (sometimes 0.05 g). For a balance measuring to two decimal places, the mass will be to within 0.01 g (sometimes 0.005 g). If carefully maintained and cleaned, a four decimal place balance will give a reading within 0.0001 g.

So if 1 g is weighed using a balance measuring to two decimal places, the mass may have an inevitable maximum error of 0.01 g. This means that the true mass lies anywhere between 0.99 g and 1.01 g.

The percentage error is:
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Any result based on this measurement would also have a 1% error. A 1% error might be acceptable for most experimental work but weighing 1 g using a balance which can measure to four decimal places would give a percentage error of only

[image: ]

If the mass measured is much smaller, more thought needs to be given. A two decimal place balance used to measure a mass of 0.10 g would have a large percentage error:
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Using a balance accurate to four decimal places to weigh a mass of 0.10 g would give a more acceptable percentage error of 0.10%.
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Tip

It is worth bearing in mind when planning an experimental procedure that it would probably be inappropriate to use a balance measuring to four decimal places (0.05% accuracy) and then to measure a volume with only a 5% accuracy.
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Measurement of temperature

As with equipment used to measure volumes, different thermometers have different maximum errors in the readings taken. To obtain the percentage error in the readings, it is best to check the graduations. As with measuring cylinders, a useful rule of thumb for thermometers is that they have a maximum error of one-half the difference between their graduation marks.

In some experiments, thermometers are used to measure small differences in temperature. Care is needed in assessing the error resulting from the measurement of temperature change. In order to determine a temperature difference, both the initial and final temperatures are measured, which doubles the error.

Table 1.1 shows how the percentage error varies depending on the actual temperature change.
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A digital thermometer should be more precise than a standard thermometer. It is normal practice with digital equipment to record all the digits shown, but there is still some inherent error.
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Tip

Don’t assume that digital readings are necessarily more precise.
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Test yourself


2  Calculate the percentage error in measuring a mass of 2.5 g using a balance with a maximum error of:




    a) 0.1 g

    b) 0.05 g

    c) 0.001 g.




3  Calculate the percentage error in measuring 50 cm3 of a solution using:




    a) a 100 cm3 measuring cylinder with a maximum error of 0.5 cm3

    b) a 50 cm3 pipette with a maximum error of 0.1 cm3

    c) a 25 cm3 pipette with a maximum error of 0.06 cm3, used twice

    d) a 50 cm3 burette where each reading has a maximum error of 0.05 cm3.




4  Calculate the percentage error in measuring a temperature rise of 6 °C using a thermometer with a maximum error of:




    a) 0.5 °C

    b) 0.1 °C.




5  0.25 g of calcium carbonate is weighed out with a maximum error of 0.05 g to collect the carbon dioxide that it will produce when reacted with excess hydrochloric acid. The volume of carbon dioxide formed is 60 cm3 and is collected in a syringe with a maximum error of 1 cm3.




    a) Why does it matter that the hydrochloric acid is in excess?

    b) Calculate whether the balance or the syringe contributes the more significant error in this experiment.

    c) Write the equation for the reaction.

    d) Assuming that the volume of 1 mol of gas in the experiment is 24 dm3, show that the volume of gas collected should be 60 cm3.
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Recording results

When recording data, the precision should be indicated appropriately and the units must always be given. For example, if you use a balance that reads to two decimal places, the masses recorded should indicate this. This may seem obvious for a mass of, for example, 2.48 g. However, you must remember that this applies equally for a mass of, for example, 2.50 g. Here the ‘0’ should be included after the ‘5’ to indicate that this mass is also precise to two decimal places. Recording the mass as 2.5 g is incorrect and could be penalised in an exam.

When using a measuring cylinder with a maximum error of 1 cm3 to measure a volume, the result would normally be recorded without any decimal places. If you recorded a volume as 224.5 cm3 this would be considered incorrect.

Burette readings are normally recorded to 0.05 cm3 as this represents the appropriate maximum error. So a reading of 23.45 cm3 is acceptable, but 23.47 cm3 is not. The reading should not be recorded as 23.4 cm3 because this implies a maximum error of 0.1 cm3. If the initial reading is zero, it should be written as 0.00 cm3 because this reading has the same precision as any other.

Identifying anomalies

If measurements are repeated in an experiment the results should be examined carefully to identify any that are anomalous. Any that clearly differ from the general trend should be rejected and excluded if an average is taken. For example, if titres obtained had volumes of 23.40 cm3, 23.90 cm3 and 23.50 cm3, the 23.90 cm3 stands out as being inconsistent with the other readings and should be excluded from the mean titre which should be given as 23.45 cm3. If a graph is drawn and one result is clearly inconsistent with the general shape of a line being drawn it should also be rejected and the line should not deviate to pass through that point.
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Tip

You will not be required to carry out a detailed analysis. However, you should be able to identify the effect of the measurement with the largest error on the final answer.
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Overall accuracy of experimental results

[image: ]

When performing a quantitative experiment it is likely that you will use several pieces of apparatus whose maximum errors will vary. For example, a mass might have a percentage error of 0.5%, but a temperature might have an percentage error of 4%. It is important to consider the appropriate precision of a value calculated using these data.

Significant figures

Errors in measurements and results have been discussed, as has the importance of using a suitable number of figures when results are recorded, i.e. the correct number of significant figures. Applied properly, this indicates the level of precision. Significant figures are explained in more detail in Chapter 16.
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Tip

Remember, if the number is a decimal less than 1, the number of significant figures is the number of digits after the left-hand zeros beyond the decimal point.
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•  0.12 has two digits beyond the decimal point. It has two significant figures and implies that the accurate number is between 0.11 and 0.13. In other words, the final digit is considered to have an accuracy of ± 1.

•  0.120 has three digits beyond the decimal point. Therefore, it has three significant figures and the number lies between 0.119 and 0.121.

•  0.004 has just one significant figure, because the two zeros beyond the decimal point are not counted. The number is between 0.003 and 0.005.

•  0.0042 has two significant figures. The number lies between 0.0041 and 0.0043.

•  0.004 00 has three significant figures. The two zeros after the ‘4’ do count, so the number lies between 0.003 99 and 0.004 01.
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Tip

As well as its importance in practical work, examination questions often expect you to give an answer to an appropriate number of significant figures.
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A number such as 151.25 suggests a five-figure accuracy; it has five significant figures. The true number lies between 151.24 and 151.26.

If 151.25 is rounded to 151, then it has three significant figures. This indicates that the number lies between 150 and 152.

Writing 150 does not make the meaning clear. This is because when the final digit is zero it implies that the number is either between 149 and 151 or between 140 and 160. To get around this difficulty, scientific notation is used:


•  1.50 × 102 indicates that the number lies between 149 and 151 (remember the zero is a significant figure)

•  1.5 × 102 indicates that the number lies between 140 and 160.
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Test yourself


6  Using the appropriate number of significant figures, write down the precision possible of a mass of exactly 14 g measured using:




    a) a two decimal place balance

    b) a four decimal place balance.




7 A student performed a titration using a burette with a maximum error of 0.05 cm3. The student’s results are recorded in Table 1.2, some of which are recorded incorrectly.
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    a) Copy this table, but write the results appropriately and to the correct number of significant figures.

    b) State the mean value for the titre that should be used in any subsequent calculation.
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Errors in experimental procedure

Apart from the limitations imposed by apparatus, experiments also have errors caused by the procedure adopted. Such errors are difficult to quantify, but the following checklist might help you to assess an experiment.

Handling substances


•  Can you be sure that the substances you are using are pure? Solids may be damp and if a damp solid is weighed, the absorbed moisture is included in the mass.

•  Does the experiment involve a reactant or a product that could react with the air? Remember that air contains carbon dioxide, which is acidic and reacts with alkalis. Some substances react with the oxygen present. Air is also always damp.



Heating substances


•  If you need to heat a substance until it decomposes, can you be sure that the decomposition is complete?

•  Is it possible that heating is too strong and the product has decomposed further?



Solutions


•  If an experiment is quantitative, can you guarantee that any solution used is exactly at the stated concentration?



Gases


•  If a gas is collected during the experiment, can you be sure that none has escaped?

•  If you collect a gas over water, are you sure it is not soluble?

•  The volume of a gas is temperature-dependent.



Timing


•  If an experiment involves timing, are you sure that you can start and stop the timing exactly when required?



Enthalpy experiments


•  Heat loss is always a problem in enthalpy experiments, particularly if the reaction is slow.



Improving experiments

As with limitations resulting from procedure, it is not possible to provide a comprehensive list of ways to improve experiments. However, it is worth emphasising that simple changes are often effective.

Using more precise measuring equipment is only useful if it focuses on a significant weakness. For example, if the volume of a solution does not need to be measured precisely, there is no point in using volumetric equipment.

If a change in the apparatus seems necessary, look for a straightforward alternative – for example:


•  If the problem is that a gas to be collected over water is slightly soluble, using a syringe might be an effective remedy.

•  If a gas might escape from the apparatus when a reagent is added, the procedure could be improved by placing one reagent in a container inside the flask containing the other reagent and mixing them when the apparatus is sealed.

•  If the problem with an enthalpy reaction is that it is too slow, using powders would help.



It is a mistake to imagine that perfection can be achieved by using more complicated apparatus if the fault lies in the method that is being employed.
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