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Preface


This book is designed to act as a valuable resource for students studying National 5 Chemistry. It provides a core text that adheres closely to the SQA specification. Each section of the book matches a unit of the specification; each chapter corresponds to a mandatory course key area. In addition to the core text, the book contains a variety of special features: Activities, Questions and Checklists for Revision. Questions marked with an asterisk (*) are from past SQA exam papers.


SQA assessment for National 5


Unit assessment


To pass each of the three course units you will have to:





•  produce a scientific report of one of the experiments from the unit



•  produce a short scientific report of a research investigation related to the unit



•  answer a set of questions based on the key areas of the unit.





Course assessment and the assignment


At the end of the National 5 Chemistry course, you will sit a written test. The question paper will be worth a total of 80 marks (80% of the total mark) and it will have two sections:





•  Section 1, titled ‘Objective Test’, will be worth 20 marks.



•  Section 2, titled ‘Paper 2’, will contain restricted and extended response questions and will be worth 60 marks.





Open-ended questions


Paper 2 will normally contain two open-ended questions, each of which will be worth 3 marks. Open-ended questions can be used to assess whether or not you have truly grasped a chemical concept. In this type of question, you are required to draw on your understanding of key chemical principles to solve a problem or challenge. The open-ended nature of these questions is such that there is no unique correct answer. In addition to testing the extent of your chemical insight, these questions promote and reward creativity and analytical thinking.


In preparing for the course assessment, the following advice may be useful:





•  In National 5 Chemistry examinations open-ended questions will always be identified by the wording ‘Using your knowledge of chemistry, comment on…’.



•  Read the question carefully. Pay attention to diagrams, structural formulae and equations that have been included to help you answer the question.



•  There will not be a single ‘correct’ answer. Markers will reward your understanding of chemistry.



•  Reflect on the information provided in the question. Make sure that you answer exactly what the question is asking.



•  Show your understanding of chemistry by drawing structural formulae, identifying functional groups, writing chemical equations or working out formulae.



•  You may choose to present your answer as a paragraph, a set of bullet points or even as a diagram.



•  If you have time at the end of the examination, check that what you have written answers the question asked.





Your response to an open-ended question will be assigned a mark according to how your understanding of chemistry matches the statements below:





•  0 marks: The student has demonstrated no understanding of the chemistry involved.



•  1 mark: The student has demonstrated a limited understanding of the chemistry involved.



•  2 marks: The student has demonstrated a reasonable understanding of the chemistry involved.



•  3 marks: The maximum available mark will be awarded to a student who has demonstrated a good understanding of the chemistry involved.





Practice open-ended questions


Following Unit 3 in this textbook, there are five practice open-ended questions for you to attempt.



The assignment



In addition to this, towards the end of your National 5 course you will be required to carry out an assignment. The purpose of the assignment is to allow you to carry out an in-depth study of a chemistry topic. You will choose the topic and investigate/research the underlying chemistry and the impact on society/the environment.


The assignment will be worth 20 marks (20% of the total mark). The majority of the marks (14 ± 2) will be awarded for applying scientific inquiry skills. The other marks (6 ± 2) will be awarded for applying related knowledge and understanding.


In preparation for this, you will carry out an investigation stage:





•  select an appropriate chemistry topic within the set guidelines provided by SQA



•  investigate/research the topic, focusing on applications and impact on society/the environment



•  process the information/data collected.





You will then present evidence of:





•  the process you have undertaken



•  chemistry knowledge and understanding related to the topic investigated/researched



•  the application of the topic



•  a balanced evaluation of the impact on society/the environment



•  a reasoned conclusion.





The assignment will be carried out under supervised conditions and there will be a time limit within which the investigation stage should be covered. Resources that you need will include access to sources of information relevant to your chosen topic. Your teacher/lecturer should discuss each stage of the assignment with you. There will also be a time limit within which you must complete the write-up. The assignment is an open-book task, so you will be permitted to use any resources from the investigation stage to complete the write-up.


Practice assignments


Following Unit 3 in this textbook, there are 14 practice assignments. These are mini-versions of the ‘real thing’ and so should not take the same time to complete! Your teacher/lecturer may allocate you one or more of these practice assignments as homework or as a self-study task. Whenever you are carrying out a practice assignment, remember to check your work against the above list and think honestly about the number of marks you would give yourself for the work you have done.


Each assignment brief will outline the task to be carried out. The stages to be covered in the assessment brief are: plan the investigation, identify resources, carry out research, select relevant information/data, gather relevant information/data and write up a report.


Your report should state the aim of the assignment, describe the process undertaken, present your data/results, include a balanced evaluation of the impact on society/the environment and a reasoned conclusion.





Unit 1



Chemical Changes and Structure





1 Rates of reaction


Imagine a world without chemistry. Your first thought might be that you would have a free period on your timetable at school, or that you would have picked a different subject instead. That probably is not all that appealing since you have chosen to study chemistry. Maybe you think it is a good thing though, that you would never need to wear safety goggles. Well, you would be right … sort of.


You would never need to wear safety goggles, because you would not be here. You would not exist. Nearly everything around you right now – your clothes, your bag, the products in your hair, the stool you are probably sitting on – would never have existed. The vast majority of the materials in our world were made by chemical reactions.


Chemical reactions are responsible for the world looking and progressing the way it does. Some reactions are over very quickly, like the burning of fuels or explosions (Figure 1.1), while others can take minutes, hours, days, months (Figure 1.2) or even millions of years.


The first part of this unit is about how chemists control the rate at which reactions take place. You may have learned about this in your lower school science lessons when you found out how to change the speed of a reaction, or in the National 4 Chemistry course when you began to use the word ‘rate’ instead of ‘speed’. In National 5 you will learn how to measure the rate of a reaction and express it as a number with a unit. This is a bit like saying a car is travelling at 70 miles per hour rather than simply that a car is travelling fast.
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To change the rate of a reaction, in other words to speed it up or slow it down, it is necessary to change the reaction conditions. There are four variables that, when changed, will affect the rate of a chemical reaction:





•  temperature



•  concentration



•  particle size



•  use of a catalyst.





For any chemical reaction to take place, the reacting particles must collide with enough energy in order to combine and form new products. Changing one of the four variables above changes the way that these collisions take place, either by causing more collisions to occur, by increasing the energy of each collision, or both.


Temperature


If the temperature of a reaction mixture is increased, the particles have more energy and so move more quickly (Figure 1.3). Increasing the temperature increases the rate of reaction because the particles collide with more energy.
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In summary:





•  The higher the temperature, the faster the reaction.



•  The lower the temperature, the slower the reaction.





Concentration


This variable can only be changed for reactants that are in solution. If the concentration of the reactants is increased, there are more reactant particles moving around in the same space (Figure 1.4). There will be more collisions and so the reaction rate is increased.
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In summary:





•  The higher the concentration, the faster the reaction.



•  The lower the concentration, the slower the reaction.





Particle size


This variable can only be changed for solid reactants. By crushing lumps into powder, for example, we decrease the particle size of a reactant and increase its surface area. The greater the surface area, the higher the chance of collisions occurring and thus the faster the rate of reaction.


For example, think of a cube where the length of every side is 2 cm (Figure 1.5).


The area of one face of the cube will be 2 × 2 = 4 cm2.
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The cube has six faces, so the total surface area is 4 cm2 × 6 = 24 cm2.


We could cut that cube horizontally and vertically along each face so that we have eight smaller cubes (Figure 1.6).
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Each of the small cubes has a face area of 1 cm × 1 cm = 1 cm2.


The six faces give a total surface area for each smaller cube of 6 cm2.


There are eight cubes so the total surface area is 6 cm2 × 8 = 48 cm2.


In summary:





•  The smaller the particle size, the faster the reaction.



•  The larger the particle size, the slower the reaction.






Catalysts



Catalysts change the rate of a reaction but are not used up in the reaction. Catalysts are used a lot in the chemical industry as they allow reactions to be carried out at lower temperatures, saving both energy and money. Platinum, rhodium and palladium are used as catalysts in car exhaust systems to convert harmful gases into less harmful gases.


Catalysts are also found in nature. Enzymes are biological catalysts and some of them are used within the body. For example, amylase in saliva helps to break down starch quickly to produce sugars which can give us energy. Enzymes can also be used in industrial processes such as the fermentation of sugars to produce alcohol.


Some catalysts work by allowing reactant molecules to ‘adsorb’ to active sites on their surface (see Figure 1.7), where they are held at an angle that allows the collision (and thus the reaction) to take place before the product molecules break off.
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Other catalysts work by reacting with one or more of the reactants, meaning that temporarily the catalyst is ‘lost’. However, once the reaction is over, the catalyst is regenerated, meaning that it can be reused. Imagine substances A and B react slowly to produce substance C:
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Catalyst Z is added to the mixture. Z reacts quickly with A to form a new substance AZ:
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Then AZ reacts in another fast reaction with substance B to form substance C and to reform substance Z:
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Combining the second and third equations gives:
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So whether a catalyst just sits there allowing a reaction to take place more easily on its surface or actually gets involved in the process itself, one thing you can be sure of is that you will be able to use it again.


Measuring the rate of a reaction


The rate of a chemical reaction is a measure of how fast the reactants are being used up or how fast the products are being made. To measure the rate of any reaction accurately, we can follow one of three changes:





•  changes in the mass of the reactants or products



•  changes in the volume of the reactants or products



•  changes in the concentration of the reactants or products.





Consider the reaction between chalk lumps and hydrochloric acid. This reaction produces carbon dioxide gas, which gives us two opportunities to monitor the course of the reaction and thus measure the rate of reaction.



Method 1: Following the reaction by measuring the change in mass



The experiment should be set up as shown in Figure 1.8.
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As the carbon dioxide gas is produced, it leaves the solution and so the total mass of the apparatus goes down. This loss in mass represents the mass of the carbon dioxide gas that has been produced and has escaped. If the initial mass of the apparatus was recorded and new mass readings were taken every 30 seconds, the results shown in Table 1.1 could be obtained.






	Time (s)

	Mass of apparatus (g)






	  0

	198.1






	30

	196.7






	60

	195.8






	90

	195.4






	120

	195.0






	150

	194.7






	180

	194.4






	210

	194.1






	240

	193.9






	270

	193.8






	300

	193.8







Table 1.1


These results can be used to plot a graph (Figure 1.9) that shows how the rate of reaction changes with time. The graph can then be used to calculate the actual rate of the reaction. We can calculate the average rate of the reaction from start to finish, or we can calculate an average rate over any time period as the reaction is proceeding.
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Method 2: Following a reaction by measuring the change in volume


The same experiment could be carried out using different apparatus that would allow us to measure the volume of carbon dioxide that is produced (Figures 1.10 and 1.11).
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If the volume of gas produced was noted every 30 seconds, the results in Table 1.2 could be obtained.






	Time (s)

	
Volume of CO2 
produced (cm3)







	  0

	  0






	30

	28






	60

	39






	90

	46






	120

	51






	150

	55






	180

	58






	210

	60






	240

	61






	270

	62






	300

	62







Table 1.2


A graph of these results would look like Figure 1.12. The section of the graph between 0 and 30 seconds has the highest gradient. The steepness of the line on the graph is an indication of the rate of reaction. This graph shows us that carbon dioxide is being produced very rapidly during the first 30 seconds.


Later in the reaction, say between 60 and 180 seconds, we can see that the line is less steep. Carbon dioxide is still being produced, but not as quickly, and so the gradient is less than in the initial section of the graph.
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Finally, between 270 and 300 seconds, the graph is horizontal – it has zero gradient. This means that the reaction has stopped and no more carbon dioxide is being produced.


The rate of the reaction is high to begin with because the concentration of the reactants is at its greatest; gradually, the rate slows down as the concentration of the reactants decreases.


Drawing graphs


Instead of an accurately plotted graph that can be used to calculate rate, sometimes you are provided with a sketch of a graph that shows the course of a chemical reaction. While these sketches do not always have numbers and units on their axes, they still provide information about the rate of the reaction as it proceeds.


Figure 1.13 shows two similar reactions between zinc metal and acid. This reaction produces hydrogen gas, the volume of which can be measured over time.


From the graph, we can see that at the start of the reaction, near the origin of the time axis, the red line (which represents zinc powder reacting with dilute hydrochloric acid) indicates a faster reaction than the green line (the same reaction, but with zinc lumps used instead of powder) as the line is steeper. The end point of both reactions is clearly visible where the lines become horizontal, showing that no further hydrogen gas is being produced. The reaction involving zinc powder, as we would expect, finishes before that with the zinc lumps.
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Calculating the average rate of a reaction


Over the course of a chemical reaction, the average rate can be calculated. As previously stated, we can calculate the average rate of the reaction from start to finish or we can calculate an average rate over any time period as the reaction is proceeding.


The average rate of a reaction is always given by the formula:
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The ‘measurable quantity’ we use can be the concentration, mass or volume of the reactants or products. As the rate of the reaction is constantly changing throughout the process, this calculation gives us the average rate over a specific period of time.
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Worked example


Using the data from Table 1.1, calculate the average rate of the reaction between chalk lumps and acid between 30 and 120 seconds.


Reading from the table, at 30 seconds the mass of the apparatus was 196.7 g and at 120 seconds it was 195.0 g.
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Significant figures, decimal places and rounding


On a basic calculator, dividing 0.17 by 90 will show as 0.01888889. The answer given as 0.019 has been rounded to 2 significant figures or 3 decimal places (dps). An answer of 0.02 (1 significant figure or 2 dps) would also be acceptable.


Be careful when rounding. For example, 1.249 rounded to 1 dp would be 1.2. You cannot round to 2 dps first (giving 1.25), and then further round to 1 dp (giving 1.3). An initial figure of 1.25 rounded to 1 dp is 1.3.


Throughout this book, no hard and fast rule has been applied – most numerical answers are given to 1 decimal place, but occasionally, 2, 3 and sometimes even 4 decimal places are used. When writing your final answer in an examination, you should indicate the extent of any rounding in brackets to be on the safe side. Generally, an answer given to 2 dps is acceptable.


It is important to note that the units for a rate calculation change depending on the quantity that was measured. In the above example, the mass was measured in grams and the time in seconds, so the average rate is given the unit grams per second (g s–1). You may also see this written as g/s.
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Worked example


The volume of oxygen gas produced when hydrogen peroxide decomposes was measured and the results were plotted to give the graph shown in Figure 1.14.


Calculate the average rate of reaction over the first 25 seconds of the reaction.
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The unit in this example is cubic centimetres per second (cm3 s–1) as the volume of oxygen was measured in cubic centimetres and the time in seconds.
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Checklist for Revision


I can calculate the average rate of a reaction from graphs or tables of data to show the changes in the rate of a reaction as it progresses.
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End-of-chapter questions





1     The course of a chemical reaction was followed by measuring the mass lost by the apparatus over time. The mass decreased by 50 grams in 200 seconds. What was the average rate of reaction in g s–1?







       A 0.25


       B 0.333


       C 1


       D 4








2     Line A in Figure 1.15 refers to the reaction between magnesium and 0.1 mol l–1 nitric acid. What change in the reaction conditions could result in the reaction represented by line B?







       A Use magnesium lumps instead of powder.


       B Heat the acid.


       C Add a catalyst.


       D Stir the reaction mixture.
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3     Hydrogen peroxide breaks down to form oxygen gas and water. You are asked to carry out this reaction and measure the reaction rate. Which combination of pieces of apparatus in Figure 1.16 would be most suitable to use in order to calculate the rate of the reaction?
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       A P and Q


       B S and Q


       C P and R


       D S and R








4     A student was following the rate of the reaction between chalk lumps and dilute acid by measuring the volume of carbon dioxide gas released over time. Which unit should she use when calculating the rate?







       A cm3 s–1



       B g s–1



       C mol l–1 s–1



       D °C s–1









5     Figure 1.17 shows how the concentration of a reactant changes over time as products are being formed. What is the average rate of reaction between 20 seconds and 40 seconds in mol l–1 s–1?







       A 0.001875


       B 0.0025


       C 0.00375


       D 0.005
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6     Margarine is made in the chemical industry by the reaction between vegetable oil and hydrogen gas. To help the reaction to work effectively, the vegetable oil is heated and a powdered nickel catalyst is used. Suggest why the nickel catalyst is used as a powder rather than as a lump.



7     A student was investigating the rate of the reaction between copper(II) carbonate powder and dilute hydrochloric acid. He decided to measure the mass of carbon dioxide gas that was produced over time. He obtained the results given in Table 1.3.









	Time (s)

	Mass of carbon dioxide produced (g)






	  0

	0






	10

	      0.24






	20

	      0.33






	30

	      0.37






	40

	      0.39






	50

	      0.39







Table 1.3




       a) Draw a diagram of the apparatus that he could have used to carry out the reaction.


       b) Plot a line graph of the results shown above.


       c) With reference to the graph, how could he tell that the reaction had finished?


       d) Calculate the average rate of the reaction over the first 10 seconds.








8     Zinc lumps react with dilute hydrochloric acid in a test tube producing bubbles of hydrogen gas.







       a) What chemical test could be used to identify that the gas produced was hydrogen?


       b) Suggest two changes to the conditions that would result in a slower chemical reaction.


       c) Copy the graph in Figure 1.18 and add a line to represent the slower reaction.
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9     Figure 1.19 shows the change in the concentration of an acid as a chemical reaction occurs. Use the graph to calculate:







       a) the average rate of reaction in mol l–1 min–1 over the first 2 minutes


       b) the average rate of reaction in mol l–1 min–1 between 2 and 7 minutes.
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10    A student was investigating the rate of reaction between hydrochloric acid and chalk. She weighed out 5 g of chalk lumps, placed them in 0.1 mol l–1 hydrochloric acid and measured the volume of carbon dioxide produced at regular time intervals. After 180 seconds, the reaction was finished, and no chalk remained. Her results are shown in Table 1.4.









	Time (s)

	Volume of carbon dioxide produced (cm3)






	  0

	  0






	20

	24






	40

	35






	60

	42






	80

	48






	100

	52






	120

	 






	140

	57






	160

	59






	180

	60







Table 1.4




       a) Plot a line graph of these results.


       b) Use your graph to predict the volume of carbon dioxide produced after 120 seconds.


       c) Add a dotted line to your graph to show what would happen if 5 g of chalk powder had been used instead of lumps.


       d) Draw a labelled diagram of the apparatus the student could have used.





[image: ]








2 Atomic theory


Our world is mostly made up of compounds made from different combinations of elements. If we looked closely at an element through an extremely powerful microscope, such as a scanning electron microscope, we would see that an element is made of very tiny particles called atoms. Figure 2.1 shows gold atoms as seen through a scanning electron microscope.


In this part of Unit 1, we will look at atoms and what holds them together.
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The atom


Around 460BC Democritus, a Greek scientist, stated that all matter is made of atoms. In 1803 John Dalton (Figure 2.2), an English chemist, presented his atomic theory to the Royal Institution.


Dalton believed that atoms of different elements would have different masses. Based on this, he made some suggestions about atoms:





1     Elements are made from tiny particles called atoms.



2     All the atoms of one element are identical.



3     The atoms of one element are different from the atoms of any other element.



4     Atoms of one element can join with atoms of other elements to form compounds.





In the early twentieth century, however, scientists discovered that atoms are actually made up of even smaller sub-atomic particles called protons, electrons and neutrons.


Several scientists developed theories as to how these particles were arranged in the atom. In 1904 J. J. Thomson, who had discovered the electron in 1897, suggested that an atom was shaped like a sphere with the charged particles (electrons and protons) spread through it like the currants in a plum pudding, but this was proved to be incorrect. Another scientist, Sir Ernest Rutherford, suggested that the positive particles known as protons were clustered in the middle of the atom and he called this collection of particles the nucleus. This did not explain, however, why the mass of a single atom of most elements was much greater than the mass of the protons in its nucleus and he suggested that there must be another particle that had yet to be discovered. The neutron was eventually discovered in 1932 by J. Chadwick. Neutrons are also found in the nucleus and they account for the extra mass. In 1913, a Danish scientist called Niels Bohr developed a theory of electron structure which described how the electrons are arranged around the nucleus in shells.
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The work of these scientists has resulted in the atomic theory that we use today.


Atoms are made up of three smaller particles (Table 2.1):


Electrons: Negatively charged particles that spin around the positive centre of the atom in circles called energy levels. (Imagine how the Moon spins around the Earth.) Their mass is so small it is nearly zero.


Protons: Positively charged particles found in the nucleus of the atom (the centre). They are said to have a relative mass of 1.


Neutrons: Neutral particles (they have no electric charge) also found in the nucleus of the atom. They also have a relative mass of 1.
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The nucleus has an overall positive charge because it contains only protons (positive) and neutrons (neutral)(Figure 2.4).
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Atoms have no overall charge – they are neutral. This is because they contain equal numbers of positive protons and negative electrons. These opposite charges balance each other making the atom neutral.


The elements are arranged in the Periodic Table in order of increasing atomic number – hydrogen has the atomic number 1, helium 2, lithium 3 etc.


The atomic number of an element tells you how many protons there are in an atom of that element.


For example, a sodium atom has 11 protons (Figure 2.5).
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Since atoms are neutral, this atom must also have 11 negatively charged electrons to balance the 11 positively charged protons. As you learned previously, electrons are found in energy levels around the nucleus of an atom. Each energy level can only hold a certain number of electrons. The first energy level (the one nearest the nucleus) can hold a maximum of two electrons with the others being able to hold up to a maximum of eight electrons. (This is only true for the first 20 elements.).


A sodium atom has 11 electrons, so two go into the first energy level (the one nearest the nucleus) and eight go into the second energy level, which leaves one that must go into the third or outer energy level (Figure 2.6). This information can be summarised as an electron arrangement 2,8,1.
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The electron arrangements of other atoms can be found in the data booklet.


Elements in the same group of the Periodic Table (Figure 2.7) react in similar ways. This is because their atoms all have the same number of outer electrons. All alkali metals, for example, have one outer electron in their atoms (Figure 2.8). This makes them very reactive.
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Activities


Draw diagrams similar to Figure 2.6 to show the electron arrangement of each of the first 20 elements. Use the data booklet to help you.


[image: ]





Now that we can use the atomic number to state the number of protons and electrons in an atom, we must also be able to work out how many neutrons there are in the nucleus of an atom. To do this we need the mass number of the atom.
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Figure 1.11 Collecting the gas produced in a reaction over water
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Figure 1.3 Particles at a higher temperature move more
quickly so collide with greater energy
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Figure 2.3 Timeline of the history of the atom
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