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About this book


This guide is written for the AQA AS and A-level Chemistry specifications. Its aim is to help you understand the different practical skills that you are expected to develop throughout the course. These skills are assessed throughout the written examinations and also through the practical endorsement.


Chemistry is a practical subject and practical skills are fundamental to understanding the nature of chemistry. Chemistry gives learners many opportunities to develop the fundamental skills needed to collect and analyse empirical data. In the written papers the following written practical skills are assessed:





•  Independent thinking — applying scientific knowledge to practical contexts, and solving problems set in practical contexts.



•  Application of scientific methods and practices — identification of variables, including those that must be controlled, commenting on experimental design and evaluating scientific methods and results. Presenting data in appropriate ways and drawing conclusions with reference to measurement uncertainty is also important.



•  Numeracy and the application of mathematical concepts in a practical context — processing and analysing data, considering margins of error, accuracy and precision, and plotting and interpreting graphs.



•  Using instruments and equipment — knowing and understanding how to use a wide range of experimental and practical instruments, equipment and techniques.





Questions are included throughout this book to help you develop these skills. 15% of your examination will be questions on practical skills.


The guide is divided into two sections:





•  Skills Guidance begins with a look at health and safety issues, followed by a brief guide to using significant figures. (Other mathematical skills are identified in the rest of this section.) This is followed by detailed guidance on each of the 12 required practical activities, which reflects the AQA requirement that you should acquire competence and confidence in a variety of practical, mathematical and problem-solving skills, and in handling apparatus competently and safely. You should be able to design and carry out both the core practical activities and your own investigations. All the required practical activities in this section include worked examples to allow you to think more deeply about why different steps are carried out. Working conscientiously through these examples will give you practice at answering the sort of questions you will be asked in your examinations. Note: for the AS examination you need only be familiar with required practicals 1–6.



•  The Questions & Answers section pulls together the Skills Guidance content through a range of exam-style questions aimed at testing your practical knowledge. Answers are provided as well as comments to help you to understand the way to approach each question.





The purpose of this guide is to help you understand different practical skills in chemistry, and enable you to answer A-level papers, but don’t forget that what you are doing is learning chemistry. The development of an understanding of chemistry can only evolve with experience, which means time spent thinking about chemistry, applying it to unfamiliar situations and solving problems. This guide provides you with a platform for doing this.


If you are reading this, you are clearly determined to do well in your examinations. If you try all the knowledge check questions, worked examples and the questions in the Questions & Answers section before looking at the answers, you will begin to develop understanding and the necessary techniques for answering practical examination questions. As the answers to the worked examples are an integral part of the learning process, they appear immediately after the questions. You are recommended to cover up the answers before attempting the question — this will improve your ability to answer similar questions in future. If you ‘cheat’ by looking at the answers first, you are only cheating yourself!


Thus prepared, you will be able to approach the examination with confidence.





Skills Guidance



Health and safety


Whenever experiments and investigations are carried out in the laboratory, there are general safety rules that you must follow:





•  Wear eye protection at all times.



•  Take care when handling hot apparatus.



•  Ensure there are no naked flames in the laboratory when using flammable substances.



•  Dispose of chemicals as directed — take particular care in disposing of organic chemicals.





When planning an investigation you need to decide if the experiment is safe, by carrying out a risk assessment.


A good risk assessment includes:





•  a list of all the hazards and why they are hazardous



•  a list of the potential risks relating to what you do in the experiment



•  suitable control measures you could take that will reduce or prevent the risks





You must recognise the Control of Substances Hazardous to Health (COSHH) hazard warning signs shown in Figure 1.
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Knowledge check 1


In an experiment a reaction occurs between dilute sodium hydroxide solution and dilute hydrochloric acid solution. When the reaction is finished, is it safe to dispose of the mixture down the sink?
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In examinations you may encounter questions about safety applied to particular experiments, and examples of these are included throughout this guide.


Hazard and risk


All practical tasks described in this guide should be risk assessed by a qualified teacher before being performed either as a demonstration or as a class practical. Safety goggles and a laboratory coat or apron must be worn where it is appropriate to do so. The author and the publisher cannot accept responsibility for safety.


Significant figures


Practical work leads to various types of calculation, many of which require the use of significant figures. You may find it useful to refer back to this section when you are trying questions later in the book.


Significant figures are those numbers that carry meaning and contribute to the number’s precision. The first significant figure of a number is the first digit that is not a zero. In chemistry we quote values to a limited number of significant figures, as we cannot be sure of the exact value to a greater number of significant figures.


The rules for significant figures are as follows:





1  Always count non-zero digits. For example 21 has two significant figures and 8.923 has 4.



2  Never count zeros at the start of a number (leading zeros) even when there is a decimal point in the number. For example 021, 0021 and 0.0021 all have two significant figures.



3  Always count zeros that fall between two non-zero digits. For example 20.8 has three significant figures and 0.001 030 04 has six significant figures.



4  When a number with no decimal point ends in several zeros, these zeros may or may not be significant. The number of significant figures should then be stated. For example: 20 000 (to 3 s.f.) means that the number has been measured to the nearest 100 while 20 000 (to 4 s.f.) means that the number has been measured to the nearest 10.





The rules are best illustrated with some examples:





•  34.23 has four significant figures — always count non-zero digits.



•  6000 has no decimal point and ends in several zeros so it is difficult to say if the zeros are significant. With zeros at the end of a number, the number of significant figures should be stated.



•  2000.0 has a decimal point, hence it has five significant figures.



•  0.036 has two significant figures — never count the zeros at the start of a number even when there is a decimal point.



•  3.0212 has five significant figures.





In calculations you should round the answer to a certain number of significant figures.


The rules for rounding are as follows:





•  If the next number is 5 or more, round up.



•  If the next number is 4 or less, do not round up.
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Worked example 1


Calculate the value of 7.799 g − 6.250 g and give your answer to three significant figures.


Answer


Your calculation would yield 1.549 g. If the answer is required to three significant figures, this would be 1.55 g, because the digit 9 is greater than 5.
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When combining measurements with different degrees of accuracy and precision, the accuracy of the final answer can be no greater than the least accurate measurement. This means that when measurements are multiplied or divided, the answer can contain no more significant figures than the least accurate measurement.
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Knowledge check 2


Use [image: ] to calculate the density of a block of iron that has mass of 40.52 g and volume of 5.1 cm3. Give your answer to an appropriate number of significant figures.
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Worked example 2


In a titration 20.5 cm3 of 0.25 mol dm−3 sodium hydroxide solution reacts with 1.2 mol dm−3 hydrochloric acid. When calculating the volume of hydrochloric acid required to neutralise the sodium hydroxide solution, how many significant places should you give your answer to?


Answer


It is useful to look at all the data and write down the number of significant figures in each measurement.






	Measurement

	Number of significant figures






	20.5 cm3


	Three






	0.25 mol dm−3


	Two






	1.2 mol dm−3


	Two







The least accurate measurement is to two significant figures, hence when you calculate your answer you must give it to two significant figures.
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Tip


In calculations such as this one, which have intermediate answers, it is best to leave these in the calculator and use these in subsequent steps, rather than rounding answers at each step. This will minimise rounding errors in the final answer.
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Significant figures and standard form


For numbers in scientific form, to find the number of significant figures ignore the exponent (n number) and apply the usual rules.


For example, 6.2091 × 1028 has five significant figures and 1.3 × 102 has two significant figures.


The same number of significant figures must be kept when converting between ordinary and standard form. For example:
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The number 260.99 rounded to:





•  4 s.f. is 261.0



•  3 s.f. is 261



•  2 s.f. is 260



•  1 s.f. is 300





Using standard form makes it easier to identify significant figures. In the example above, 261 has been rounded to the two-significant-figure value of 260. However, if seen in isolation, it would be impossible to know whether the final zero in 260 is significant (and the value to three significant figures) or insignificant (and the value to two significant figures). Standard form, however, is unambiguous:





•  2.6 × 102 is to two significant figures.



•  2.60 × 102 is to three significant figures.
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Worked example 3


Convert 0.002 350 to standard form, ensuring that you retain the correct number of significant figures.


Answer


Step 1: Note how many significant figures are present in 0.002 350. Remember that the zeros after the point are not significant so there are four significant figures.


Step 2: To write the number in standard form, write the four significant figures, with a decimal place after the first number, and then write ‘× 10n’ after it:


[image: ]


Step 3: Count how many places the decimal point has moved to the right and write this value as the n value. The n is negative because the decimal point has moved to the right instead of the left:
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Tip


Many calculations will ask you to give your answer to a certain number of significant figures and in standard form.
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Required practical activities


Required practical 1




Make up a volumetric solution and carry out a simple acid–base titration





Making up a standard solution


To prepare a standard solution, an accurately known mass must be dissolved in deionised water and then made up to an accurate volume using a volumetric flask.


When preparing a standard solution a chemical should be used that:





•  does not absorb moisture from, or lose moisture to, the environment



•  has an accurately known relative formula mass so that the number of moles dissolved can be determined — a hydrated salt is not used for a standard solution



•  is very pure



•  has a relatively high relative formula mass so that weighing errors are minimised







[image: ]


Knowledge check 3


Why is sodium hydroxide not a suitable solid for making up a standard solution?
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The procedure for preparing a standard solution (Figure 2) is as follows:





1  Weigh out an accurate mass of a solid in a clean, dry beaker.



2  Add enough deionised water to dissolve the solid, stirring with a glass rod.



3  Transfer the solution with rinsing to a 250 cm3 volumetric flask using a funnel.



4  Rinse the beaker and glass rod with deionised water and add to the volumetric flask.



5  Make up to the mark by adding deionised water until the bottom of the meniscus is on the mark.



6  Stopper the flask and invert to mix thoroughly.
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Tip


When making up a standard solution, a larger mass of solid dissolved gives a smaller weighing error, so it will be a more accurate solution.
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Uncertainty in mass measurements



Uncertainty is an estimate attached to a measurement that gives the range of values within which the true value is thought to lie. This range is normally expressed around a central value, for example 52.0 ± 0.2.


If a balance measures to one decimal place, the mass will normally have an uncertainty of ±0.1 g. If a balance measures to two decimal places, the mass will normally have an uncertainty of ±0.01 g.


Percentage error is calculated using:
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Table 1 compares the percentage error in weighing 1 g using both balances.
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The more decimal places a balance reads to, the smaller the percentage error.


When weighing out a smaller mass, the percentage error is more significant. Weighing out 0.1 g on a balance to two decimal places gives a percentage error of (0.01/0.1) × 100 = 10% compared with 1% when weighing out the larger mass of 1 g.


Note that if two mass measurements are taken, as in many experiments, then the formula for the percentage uncertainty is:
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Knowledge check 4


In an experiment to find the mass of water lost on heating a solid, the following results were obtained:


mass of crucible + solid before heat = 25.45 g; uncertainty = 0.005 g


mass of crucible + solid after heat = 24.21 g; uncertainty = 0.005 g


Calculate the mass of water lost and the percentage uncertainty in this value.
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Tip


To reduce the percentage error in measuring the mass of water removed in this experiment record the mass to two decimal places or use a larger mass of hydrated crystals.
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Titration method


The titration procedure (Figure 3) is summarised as follows:





1  Rinse the burette with the solution you are going to fill it with. Discard the rinsings and fill the burette.



2  Rinse a pipette with the solution you are going to pipette into the conical flask. Using a pipette and pipette filler transfer 25.0 cm3 of this solution into a conical flask.



3  Add 2–3 drops of a suitable indicator to the conical flask.



4  Add the solution from the burette, with constant swirling, until the indicator just changes colour. This is a trial titration.



5  To reduce the effect of random error on titration results, repeat the titration to achieve 2–3 concordant results, adding the solution dropwise near the end point.



6  Calculate the mean titre from the concordant results.
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Tip


Measuring cylinders have limited accuracy and are not appropriate for use in titrations when volumes to one decimal place are needed.
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Tip


Make sure you remove the funnel used to fill the burette before titrating.
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Tip


When carrying out a titration it is useful to keep the solution from the first accurate titration to achieve consistency by colour matching.
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Titration results should be recorded in a table. To calculate the mean titre, choose those titres that are concordant — i.e. agree to within 0.1 cm3. Where this is not possible, the two titres that have the closest agreement should be used. Readings that are not concordant are often called outliers, for example the value 22.85 in Table 2.
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Tip


Titration results should be recorded to two decimal places with the last figure either 0 or 5.
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When ungraduated glassware, such as a volumetric flask or a pipette, is manufactured, the maximum uncertainty is usually marked on the glassware, as shown in Figure 4.
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