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Introduction



Students


This easy-to-read book delivers the National 5 Chemistry course in an enjoyable way. Read carefully and at a steady pace to give yourself time to understand the concepts and theories. Throughout the book there are Hints & tips to help you study and Key points that you must learn; pay particular attention to these, as they will help greatly. Key words are shown in bold and definitions are given at the end of the book.


At the end of each chapter, there are exam-type questions that will test your knowledge. These questions are written in a similar style to those you will see in your exam. They use the same language and are at the correct level, so it is important to practise answering all of the questions in full.


Try a question and then refer to the notes if you find it difficult. Answers to all the questions are provided at the end of the book.


Remember that the rewards for passing National 5 Chemistry are well worth it! Your pass will help you towards the future you want for yourself. In the exam, be confident in your own ability. If you are not sure how to answer a question, trust your instincts and just give it a go anyway. Keep calm, don’t panic and good luck!


Teachers/lecturers and parents/carers


This book has been developed to cover the mandatory content as outlined in the National 5 Chemistry Course Support Notes. It also contains some National 4 content to refresh student’s knowledge, before progressing further into the topic. It is written to be accessible to students, delivering concepts and theories in a ‘straight-to-the point’ manner, using clear and simple language. It is based on proven classroom methods of delivering difficult concepts in a style that the students can relate to and understand. This book has been designed both as a classroom aid and for a student’s own personal study.


Exam details


To achieve a pass in National 5 Chemistry you must be successful in the two main components.


Component 1 – the assignment


You are required to submit an assignment that is worth 20% (20 marks) of your final grade. This assignment will be based on research and must include an experiment. It requires you to apply skills, knowledge and understanding to investigate a relevant topic in chemistry. Your school or college will provide you with the SQA’s Candidate Guide. This gives guidance on what is required to complete the report and gain as many marks as possible.


Your assignment report will be marked by the SQA.


Component 2 – the question paper


The question paper will assess breadth and depth of knowledge and understanding in all of the three areas of National 5 Chemistry, and has a maximum score of 100 marks.


The question paper requires you to:





•  make statements, provide explanations, and describe information to demonstrate knowledge and understanding



•  apply knowledge and understanding to new situations to solve problems



•  plan and design experiments



•  present information in various forms, such as graphs and tables



•  perform calculations based on information that is provided



•  give predictions or make generalisations based on information that is provided



•  draw conclusions based on information that is provided



•  suggest improvements to experiments to make the results more accurate or to address safety concerns.





To achieve a ‘C’ grade in National 5 Chemistry you must achieve at least 50% of the 100 marks available when the two components (the question paper and the assignment) are combined. For a ‘B’ grade you will need 60%, while for an ‘A’ grade you must ensure that you gain as many of the marks available as possible and at least 70%.


The majority of the marks will be awarded for demonstrating and applying knowledge and understanding of the mandatory content of the course. The other marks will be awarded for applying scientific inquiry skills. Marks will be distributed equally across the three areas.


Open-ended questions will also be included in the exam.





Section 1 Chemical changes and structure



Chapter 1.1


Rates of reaction


Chemical reactions occur at different rates. They can be very fast, such as the reactions that cause explosions, or very slow, such as the corrosion of iron. In this chapter we will look at the factors that affect the rate of a chemical reaction and how the rate of a reaction can be calculated.


There are four factors that affect the rate of a chemical reaction:





•  temperature




•  concentration




•  surface area




•  the presence of a catalyst.





To understand how these factors affect the rate of a reaction we must first think about why chemical reactions take place. For a reaction to happen, reactant particles must collide with enough energy to allow them to combine to form new products.
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Figure 1.1 Particles reacting





Temperature


Increasing the temperature of a reaction mixture increases the energy of the particles, making them move faster. This results in more successful collisions, which produces a faster chemical reaction.
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Figure 1.2 At higher temperatures fast-moving particles collide more often
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Key points [image: ]





•  The higher the temperature, the faster the reaction.



•  The lower the temperature, the slower the reaction.
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Concentration


If the concentration of a substance increases, there are more particles present. This results in more collisions taking place, which produces a faster chemical reaction.
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Figure 1.3 Increasing the concentration of particles increases the rate of a chemical reaction
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Key points [image: ]





•  The higher the concentration, the faster the reaction.



•  The lower the concentration, the slower the reaction.
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Surface area


When a substance is broken down into smaller pieces, its surface area is greatly increased. For example, 3 g of sugar powder has a much larger surface area than a 3 g sugar cube.


This increase in surface area results in a much faster reaction because more collisions can occur.
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Figure 1.4 Powdered sugar has a greater surface area than cube sugar
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Key points [image: ]





•  The smaller the particle size, the greater the surface area, resulting in faster reactions.



•  The larger the particle size, the smaller the surface area, resulting in slower reactions.
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Catalysts


Catalysts are used a lot in industry as they allow chemical reactions to take place at lower temperatures, which saves energy and money. They also increase the rate of a chemical reaction.


Platinum and other transition metals are used in car exhaust systems to convert harmful gases into less harmful substances.


When a catalyst is added to a reaction mixture, it is not used up in the reaction. This means that all the catalyst added to the mixture can be recovered unchanged when the reaction is complete.
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Key points [image: ]





•  Catalysts speed up the rate of a chemical reaction but are not used up in the reaction, meaning they can be recovered when the reaction is complete.



•  They are used in industry to save energy and money as they allow reactions to take place at lower temperatures.
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Remember
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Following the course of a reation


In chemistry, different measurements can be taken to follow the course of a reaction.


Two of the most common ways of monitoring the course of a reaction are by measuring the volume of gas produced (Figures 1.5 and 1.7) or measuring the loss in mass over a period of time (Figure 1.9).
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Figure 1.5 This experiment was set up to investigate the rate of reaction between chalk and hydrochloric acid
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Hints & tips [image: ]


Always ensure, when drawing your own diagrams like Figure 1.5, that you do not draw a line across the delivery tube. The gas must have a clear path from the reaction to the measuring cylinder or syringe.
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Figure 1.6 The carbon dioxide produced in this reaction can be collected by the upward displacement of air, because carbon dioxide gas is more dense than air
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Hints & tips [image: ]


The method shown in Figure 1.6 cannot be used to measure the volume of carbon dioxide produced because the gas is colourless.
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Figure 1.7 An alternative way to measure gas production





The equipment shown in Figure 1.5 cannot be used to collect a soluble gas as it would dissolve in water. The method shown in Figure 1.7 is used when a soluble gas is produced by a reaction.


The measurements obtained from these reactions can be used to produce rate graphs that tell us many things about a chemical reaction.
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Figure 1.8 A rate graph of volume of gas produced against time





The point on the graph where the line flattens out (becomes horizontal) is called the end-point (shown by the dotted line). At this point, no gas is being produced and, therefore, the reaction has stopped.


Measuring the change in mass during a reaction can also give results to plot a rate graph.
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Figure 1.9 Measuring the change in mass during an experiment





In the experiment shown in Figure 1.9, the mass decreases as the reaction proceeds. This is because a gas is given off. The gas leaves the conical flask, resulting in a decrease in mass. The decrease in mass is clearly shown when a graph of the results is plotted (Figure 1.10).
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Figure 1.10 A graph of mass against time





Results tables and rate graphs can be used to calculate the average rate of a reaction using this equation:
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Hints & tips [image: ]


The Δ sign means ‘change in’, so Δ quantity means ‘change in quantity’.
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This equation can be found in page 3 of the Data Booklet. The units for rate depend on the units used to measure the quantity and the time. Examples of correct units are shown in the table.
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Example 1 [image: ]


Calculate the rate of the reaction, in cm3 s–1, of the first 60 seconds of the reaction shown in Figure 1.8.
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The experiment in Figure 1.8 was repeated using a higher concentration of acid and the results were drawn onto the same graph, using green ink.
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Figure 1.11 A graph of volume of gas produced against time for two different concentrations of acid





Calculate the rate of the reaction, in cm3 s–1, of the first 60 seconds of reaction using the higher concentration of acid (green line).
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The rate of the second reaction is higher because the concentration of acid has been increased. This can also been seen in the graph, as the end-point of the second reaction is reached before the end-point of the first reaction.
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Example 2 [image: ]


The table shows the results obtained in an experiment to measure the change in mass during a reaction.




[image: ]




Calculate the average rate of reaction between 20 and 60 seconds. Your answer must include the appropriate rate unit.


[image: ]


Note the correct unit must be given in this answer. As the mass was in grams and the time in seconds the correct unit is g s–1. Answers of 0.3 g s–1 and 0.33 g s–1 would also be correct.
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