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Introduction


This book is designed to act as a valuable resource for pupils studying National 4 Chemistry. It provides a core text which adheres closely to the SQA syllabus. Each section of the book matches a Unit of the syllabus; each chapter corresponds to a Course Key Area. In addition to the core text, the book contains a variety of special features including activities, questions, checklists for revision and a glossary.


SQA assessment for National 4


To achieve a pass in National 4 Chemistry, you must pass each of the three course Units and the additional Added Value Unit.


Unit assessment


You will have to:





•  produce a scientific report on one of the experiments from one of the Units




•  produce a short scientific report on a research investigation related to one of the Units




•  answer a set of questions based on the Key Areas of each Unit.





The Added Value Unit


In addition to this, you will select and investigate a topic from a Key Area of the course, investigate/research the underlying chemistry and report on the impact on the environment/society.


This Unit involves:





•  a research stage, in which you will spend a certain amount of time gathering information



•  a communication stage, in which you will write your report.





Activities


Some of the activities within this book are designed to give you practice in writing an experimental report as you work towards Unit assessments. Other activities require you to do some research and to write a paragraph on an issue which has arisen within a Unit. This is intended to help you prepare to write the short scientific report for Unit Assessment and also for the Added Value Unit (AVU) towards the end of the course. For the AVU you must:





•  choose a relevant issue in chemistry and justify your choice



•  select suitable information from at least two relevant sources



•  present gathered information in an appropriate form



•  explain the impact on the environment or society in terms of the chemistry involved



•  communicate your findings clearly and concisely.





The AVU report will be written under supervised conditions. Resources which you need will include access to sources of information relevant to your chosen topic. Your teacher/lecturer should discuss each stage of the process with you. Writing the report is an open-book task, so you will be permitted to use appropriate resources from the research stage to complete the write-up.





Unit 1



Chemical Changes and Structure





1 Rates of reaction


Chemical reactions happen every second of every day. The burning of petrol in a car engine, the hardening of glue and the rusting of iron are all chemical reactions. But what is a chemical reaction and how you can tell when one is happening?


Indicators of chemical reactions


The four indicators of chemical reactions are listed here. These are the signs that a chemical reaction has happened and you will need to look out for them.


1 A colour change


A change in colour indicates that a reaction has taken place. Frying an egg is an example of a chemical reaction with a colour change. The egg turns from colourless to white.




[image: ]

Figure 1.1 Eggs change colour when cooked





2 A gas evolved


During chemical reactions, gases can be given off. This can be shown by bubbles appearing in a liquid or by a gas which can be seen leaving a beaker. Burning a candle releases smoke and so is a chemical reaction.
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Figure 1.2 Chemical reactions can release gases





3 A solid formed


When two solutions mix and a solid is formed, the solid is called a precipitate. A precipitate is an insoluble solid formed from two liquids reacting. Milk turning sour produces a solid.




[image: ]

Figure 1.3 A solid is formed when milk goes sour





4 An energy change


An energy change usually involves a rise or fall in temperature; however, other energy changes can occur. When a match is lit, both heat and light energy are given off. During an explosion, sound is produced.
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Figure 1.4 Energy is released during combustion





More about energy changes


The most common energy change which happens during a chemical reaction is that the beaker or test tube gets hotter or colder. Sometimes the change in temperature is not obvious to the touch, but a thermometer will tell you if the temperature has risen or fallen even by a single degree Celsius. If the temperature rises, the reaction has given out heat; if it falls, the reaction has taken in heat. These types of reactions can be put into two categories.





1     An exothermic reaction is one in which heat energy is given out to the surroundings. The temperature rises.
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Figure 1.5 Exothermic reactions release energy








2     An endothermic reaction is one in which heat energy is taken in from the surroundings. The temperature falls.
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Figure 1.6 Coldpacks are an example of an endothermic reaction
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Questions





1     What are the four indicators of a chemical reaction?



2     Some chemical reactions release energy. What term is used to describe reactions that release energy?



3     A student mixed two colourless liquids in a test tube. Very soon bubbles could be seen in the mixture and a yellow solid was produced. List the three indicators which confirmed that a chemical reaction had taken place.
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Reaction rates


The rate of a chemical reaction means how fast it is going. Chemical reactions can be very fast; for example, an explosion is a very fast chemical reaction.
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Figure 1.7 An explosion is a very fast reaction





They can also be very slow, such as in the rusting of iron or steel.
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Figure 1.8 Corrosion is a very slow reaction





In industry, the speed or rate of a chemical reaction is very important. Many industrial products are made by chemical reactions. It is important to know how long chemical reactions will take to produce the required products and look into ways in which as much product can be made as quickly as possible in order to maximise profits.


The rate of a chemical reaction can be found by measuring how quickly the new substance is produced. This can be done in several ways.


Following the progress of a reaction


The reaction between marble chips and acid can be used to follow the progress of a chemical reaction. When marble chips react with acid, carbon dioxide gas is produced. The gas can be collected and measured using the apparatus shown in Figure 1.9.
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Figure 1.9 This experiment can be performed to follow the progress of a reaction





The volume of carbon dioxide gas produced can be measured by reading the scale on the measuring cylinder at regular intervals. Table 1.1 shows how the results can be recorded.






	Time/seconds

	Volume of carbon dioxide gas produced/cm3






	  0

	  0






	10

	23






	20

	30






	30

	35






	40

	38






	50

	40






	60

	40







Table 1.1 Experimental results showing volume of carbon dioxide produced over time


Once the results are obtained they can be plotted onto a graph like that shown in Figure 1.10.
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Figure 1.10 A line graph of experimental results





The slope of the graph gives an indication of the reaction rate. The steeper the curve, the faster the reaction is going. Look again at the graph in more detail.


The line between 0 and 10 seconds is very steep because the rate of the reaction is greatest here. The slope between 10 and 40 seconds is less steep showing that the reaction is much slower here until the reaction eventually stops when the line becomes flat at and beyond 50 seconds.


The course of this reaction can also be monitored by measuring the change in mass of the reaction container at regular time intervals as shown in Figure 1.11.
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Figure 1.11 Following the rate of the reaction between marble chips and acid





As carbon dioxide gas is released into the air, the mass will decrease as the reaction proceeds. This decrease in mass can be recorded at regular time intervals and the results recorded (Table 1.2).






	Time/seconds

	Mass of carbon dioxide gas/g






	  0

	0.0






	10

	1.2






	20

	2.0






	30

	2.5






	40

	3.0






	50

	3.3






	60

	3.6






	70

	3.8






	80

	3.9






	90

	4.0






	100

	4.0







Table 1.2 Experimental results showing mass of carbon dioxide gas produced over time


These results can also be plotted on a line graph, as shown in Figure 1.12.
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Figure 1.12 Line graph of results





Once again, the slope of the graph gives an indication of the rate of the reaction.


Section A – The slope is steep indicating that the reaction is at its fastest here.


Section B – The slope has become less steep as the reaction begins to slow.


Section C – The reaction has stopped as no more gas is being produced resulting in no change in mass.


Graphs such as these can be used to identify the time at which the reaction finished. The time when the line becomes horizontal (flat) is the time when the reaction has finished, as there is no longer a change in mass or volume. This is called the end-point.
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Figure 1.13 The end-point of this reaction occurred after 100 seconds
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Question





4     A student carries out a chemical reaction which produces a gas. Describe two different ways in which the rate of the reaction could be monitored.
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Activity


Rate poster


Create a poster with the title ‘Rate Graphs’. Your poster should include a rate graph which is labelled to show the point at which the reaction is the fastest, a point at which it is slowing down and the end-point.
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Factors affecting rate


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





1     changing the temperature (usually of a liquid or solution)



2     changing the concentration (of a solution)



3     changing the particle size (of a solid)



4     adding a catalyst.





We will look at each in turn.


Temperature


In the lab, increasing the temperature often increases the rate of a chemical reaction. For example, the reaction between Benedict’s solution and glucose is slow at room temperature, but if the temperature is increased then the rate of the reaction increases.




[image: ]


Activity


To investigate the change in reaction rate when temperature is increased


Benedict’s solution changes colour from blue to orange when mixed with glucose solution. This reaction can be carried out in the lab by placing a small quantity of glucose solution in a test tube and adding some Benedict’s solution. The colour will eventually change from blue to orange, but it takes a very long time at room temperature.


Investigate how the rate of the reaction is affected by increasing the temperature of the reaction mixture by placing test tubes of glucose solution and Benedict’s solution in beakers of water at different temperatures, for example 30, 40, 50 and 60 °C.


Write a report on your investigation which should include the following:





•  Aim: in one sentence, say what the aim of the experiment was.



•  Variables: record what you changed and what you kept constant.



•  Method: describe, step by step, what you did in the experiment. Remember to describe how you made sure it was safe.



•  Results/presentation: record your results (anything you saw and any measurements you made) in a table with suitable headings.



•  Conclusion: make sure your conclusion refers back to your aim.
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At high temperatures, the rates of most reactions increase. At home, you will store milk in a fridge. This is because the low temperatures in the fridge slow down the reactions that cause milk to turn sour, making it last longer.




[image: ]

Figure 1.14 Milk is stored at low temperatures to allow it to stay fresh for longer





If milk were stored in a warm room, it would become sour very quickly. So usually:
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The higher the temperature, the faster the rate of a reaction.


The lower the temperature, the slower the rate of a reaction.
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Concentration


If equal masses of chalk powder are added to two beakers of acid solution, one with a high concentration of an acid and one to which water has been added (diluted), the chalk will react much faster in the more concentrated acid. This can be shown on a graph as illustrated by Figure 1.15.




[image: ]

Figure 1.15 The effect of concentration on the rate of reaction





Notice that both reactions produce the same volume of gas. This is because the same mass of chalk was used in both reactions but the reaction with the higher concentration of acid produced the final volume of gas more quickly than the diluted acid. Adding water to a highly concentrated solution of an acid reduces its concentration and this affects how quickly it will react with another chemical.
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Activity


To investigate the change in reaction rate when concentration is increased


Chalk reacts with acids to produce carbon dioxide gas. Investigate the effect of changing the concentration of the acid on the rate of the reaction between hydrochloric acid and chalk by measuring the mass lost over time.


Place a conical flask containing a measured volume of dilute hydrochloric acid onto a balance as shown in Figure 1.11. Add a measured mass of chalk powder to the acid and place a loose cotton wool plug in the neck of the flask. Note the mass of the flask and its contents and start a stopclock. Allow the reaction to proceed for a set time. Note the new mass of the flask and its contents and calculate the decrease in mass.


Repeat this experiment using a different concentration of acid but keep the volume of acid, the mass of chalk and the time allowed for the reaction the same.


Write a report on your investigation which should include the following:





•  Aim: in one sentence, say what the aim of the experiment was.



•  Variables: record what you changed and what you kept constant.



•  Method: describe, step by step, what you did in the experiment. Remember to describe how you made sure it was safe.



•  Results/presentation: record your results (anything you saw and any measurements you made) in a table with suitable headings.



•  Conclusion: make sure your conclusion refers back to your aim.
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Acid rain is a dilute acidic solution and so the reactions of acid rain with metal structures or sandstone buildings are slow. In general:




[image: ]


The higher the concentration, the faster the rate of a reaction.


The lower the concentration, the slower the rate of a reaction.
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Particle size


In general, the smaller the particle size, the faster the rate of reaction. This can be demonstrated using two experimental set-ups. The first involves adding large marble chips to a dilute acid solution. The second involves adding small marble chips to a dilute acid solution. In both experiments, the mass of marble chips, the volume of acid and the concentration of acid must be kept the same.




[image: ]

Figure 1.16 The effect of particle size on the rate of reaction





The reaction is followed by recording the mass loss over a period of time. The results can then be plotted onto the same line graph for comparison (Figure 1.17).
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Figure 1.17 Both sets of results can be plotted onto the same graph
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Activity


To investigate the effect of particle size on rate of reaction


Investigate how the rate of reaction between chalk and acid is affected by particle size by adding 0.5 g of chalk lumps to a small volume of acid in a conical flask and timing how long it takes for the reaction to stop. Repeat the experiment keeping the volume and concentration of acid the same but adding 0.5 g of chalk powder.


Produce a report on your investigation which should include:





•  Aim: in one sentence, say what the aim of the experiment was.



•  Variables: record what you changed and what you kept constant.



•  Method: describe, step by step, what you did in the experiment. Remember to describe how you made sure it was safe.



•  Results/presentation: record your results (anything you saw and any measurements you made) in a table with suitable headings.



•  Conclusion: make sure your conclusion refers back to your aim.
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When a large log is placed on a fire, it takes a long time to burn completely. If the same log was cut into small pieces before being placed on the fire, it would burn much more quickly. This is because of a change in particle size. In general:
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The smaller the particle size, the faster the rate of a reaction.


The larger the particle size, the slower the rate of a reaction.
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This is due to a change in the surface area of the solids (marble chips or wood). Making the size of the particles smaller produces a larger surface area for the reaction to take place on.


Catalysts


The rate of a reaction can sometimes be changed without changing the temperature, the concentration or the particle size by the addition of a catalyst. A catalyst is a substance which speeds up the rate of a reaction but is not used up in the reaction. If 10 g of catalyst is added to the reactants at the beginning of an experiment, then 10 g of catalyst will remain after the experiment has finished. Catalysts also allow reactions to be done at lower temperatures, which saves energy and money.


In a car exhaust there is a catalyst (made of platinum and other metals) that changes the harmful gases produced by the engine into less harmful gases very quickly. This is called the catalytic converter section of the exhaust. To make the exhaust as efficient as possible, the catalyst is spread over a honeycomb structure which increases the surface area over which the reaction can occur.




[image: ]

Figure 1.18 A catalytic converter in a car exhaust
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Summary checklist





•  The rate of a chemical reaction is affected by changes in temperature, concentration and particle size.



•  Catalysts speed up the rate of a reaction but are not used up in the reaction.



•  The rate of a chemical reaction can be monitored by measuring changes in mass or volume.



•  Experiments can be performed to monitor the rate of a chemical reaction.



•  Graphs can be used to show the effect of temperature, concentration and particle size on the rate of reaction.



•  Rate graphs can be interpreted to give information on the progress of a reaction.



•  Reactions can be classed as exothermic (give out energy) or endothermic (take in energy).
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End-of-chapter questions





1     List the following reactions in order of decreasing rate (fastest to slowest):







       a) milk turning sour


       b) frying an egg


       c) a car’s body rusting


       d) lighting a match.








2     Copy and complete the following passage using each word from the word list once.
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•  There are ___________ signs that show a ___________ reaction has happened.



•  If there is a change in ___________, a reaction has taken place.



•  Another sign is a ___________ being given off. This might be seen as ___________ in a liquid.



•  Two liquids may react together to form a new solid. This is called ___________.



•  The final sign is that there is an ___________ change, for instance an increase or ___________ in temperature because of the reaction.








3     Zinc reacts slowly with dilute acid to produce hydrogen gas. A student discovered that copper is a good catalyst for this reaction.







       a) What is a catalyst?


       b) Draw a diagram to show how this experiment could be carried out and the hydrogen gas collected without using the catalyst.


       c) The following results were recorded:









	Time/s

	Volume of hydrogen gas/cm3






	    0

	  0






	  30

	  6






	  60

	11






	  90

	15






	120

	18






	150

	20






	180

	20









        (i) On graph paper, plot a line graph of these results.


        (ii) Mark on the graph the end-point of the reaction.


        (iii) Between which points in time was the reaction at its fastest?







            A Between 0 and 30 seconds


            B Between 30 and 60 seconds


            C Between 60 and 90 seconds


            D Between 90 and 120 seconds








4     In the chemical industry, controlling the rate of a chemical reaction is very important.







       a) List the four factors that can affect the rate of a chemical reaction.


       b) Suggest why reactions that can be performed at low temperatures are favoured by the chemical industry.


       c) Some reactions release their own energy. State the name given to reactions that release energy.
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5     Rapid inflation of airbags in cars is caused by the production of nitrogen gas when the car is in a collision. The graph gives information on the volume of gas produced over 30 microseconds.







       a) Use the graph to state the time that the reaction finished.


       b) What volume of nitrogen gas was produced?


       c) During what time interval was the reaction at its fastest?
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2 The periodic table


Elements


Everything that you see is made from elements; even you! There are over 100 different elements, but there are millions of possible combinations of these elements. Elements are the basic building blocks of the whole world.


In 1869, a Russian scientist named Dmitri Mendeleev gathered together all known information about the elements.


At the time, there were about 60 known elements and Mendeleev arranged them in order of increasing atomic mass, starting with the lightest element, hydrogen. He noticed two things:





•  that certain properties occurred regularly within his list (for example, elements 1, 8 and 15 were very similar)



•  that this pattern could continue if he left an occasional space in his list; Mendeleev justified this by predicting that the spaces would be filled eventually when new elements were discovered.





His table was so accurate that he predicted the properties of these undiscovered elements long before they were known to us.




[image: ]

Figure 2.1 Dmitri Mendeleev, the inventor of the periodic table. He had his hair cut once every year but only when the weather was warm!
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Figure 2.2 The periodic table





Since Mendeleev produced the first periodic table, many new elements have been discovered but they still fit into the table that he produced all those years ago. Some of the most recently discovered elements are named after famous scientists. Mendeleev himself has one named after him; Mendelevium (Md), element 101.


The groups


A modern periodic table is very similar in layout to Mendeleev’s. In the periodic table, a set of elements listed one beneath the other is known as a group. Groups of elements have things in common. We will look at three main groups of the periodic table in detail.


The alkali metals (group 1)


The alkali metals are a group of very reactive metals. They are so reactive that they even react with water. They are stored under oil so that they don’t react with any moisture in the air. Your teacher may demonstrate the reactions of some of the alkali metals.




[image: ]

Figure 2.3 Sodium, a group 1 element, reacting with water





The halogens (group 7)


The halogens are very reactive non-metals. This group contains elements in all three states of matter. They have many uses; for example, fluorine is used in toothpaste, chlorine and iodine can be used to kill bacteria and bromine is used in photographic film.


The noble gases (group 0)


The noble gases are very unreactive non-metals. They have many uses: helium is used to fill balloons, while other noble gases can be used in making coloured lighting.
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Figure 2.4 Bleach contains compounds of chlorine that are used to kill bacteria







[image: ]

Figure 2.5 This sign contains neon, a noble gas





The transition metals


The transition metals are not a group – they are found between groups 2 and 3 in the periodic table.


The transition metals have many different properties and because of this, they have many uses. For example, copper is used in wiring, iron is used in construction and platinum is used in catalytic converters in car exhausts.


All the metals are grouped together on one side of the periodic table and non-metals are on the other side. Look at a periodic table in your class and see if you can spot which side the metals are on. If you keep looking at the periodic table you may even be able to draw a line on the table that separates the metals from non-metals. The periodic table in Figure 2.7 shows exactly where this line should be.
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Figure 2.6 The Clyde Arc is made from a transition metal
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Questions





1     A new metallic element has been discovered and when tested, it was found to be very reactive with water. Which group of the periodic table should it be placed in?



2     Suggest why helium is safe to use in party balloons.



3     Find out which group in the periodic table contains one solid element, one liquid element and two gaseous elements at room temperature.
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Figure 2.7 All the metals are on the left-hand side of the zigzag line and the non-metals are on the right







Atoms


Everything in the world is made from elements, but if we could look very closely at a sample of an element, we would see that it is made from tiny particles called atoms. Atoms are very small. They are so small that we can’t actually see them. It is hard to imagine just how small they are, but Figure 2.8 may help.




[image: ]

Figure 2.8 A single grain of sand





The figure shows a single grain of sand. How many atoms do you think are in the grain of sand: 100, 1000 or even 10 000? In a grain of sand there are approximately 78 000 000 000 000 000 000 atoms!


In a pure element, all of the atoms are the same. Elements are substances that are made up of only one type of atom and they can’t be broken down any further.
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Figure 2.9 Copper pots and pans





The objects shown in Figure 2.9 are made from copper, which is an element. This means that it only contains one type of atom. If we could look at the atoms that make copper, we would see that they are all the same.
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Figure 2.10 All the atoms in this element are the same





Over 2000 years ago, a Greek scientist called Democritus stated that all matter is made of atoms. Around 200 years ago, an English chemist called John Dalton took this a stage further through his work in the development of the nature of the atom.
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Figure 2.11 John Dalton





Dalton 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 to 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 particles called electrons, protons and neutrons.


Electrons – Electrons are 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.) The mass of an electron is so small it is nearly zero.


Protons – Protons are positively charged particles that are contained in the nucleus of the atom (the centre). Protons have a relative mass of 1.


Neutrons – Neutrons are also contained in the nucleus of the atom but have no charge. Neutrons have a relative mass of 1.


The nucleus has an overall positive charge because it contains all of an atom’s protons.
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Figure 2.12 The basic structure of an atom





This information is summarised in Table 2.1.
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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 cancel each other out making the atom neutral.


The elements are arranged in the periodic table in order of increasing atomic number. For example, 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, the atom shown in Figure 2.13 is a sodium atom and it has 11 protons.
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Figure 2.13 A sodium atom showing its atomic number





Since atoms are neutral, the sodium atom must also have 11 negative electrons to cancel out the 11 positive protons, but how many neutrons does it have?


The mass number of an element is equal to the number of protons plus the number of neutrons in an atom of an element. The mass number is given at the top left of the element’s symbol for example,
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Figure 2.14 A sodium atom showing its atomic number and mass number





If there are 23 protons and neutrons in total in this sodium atom, and 11 of those are protons, then there must be 12 neutrons because 11 + 12 = 23. So in any atom, the number of neutrons is found by subtracting the atomic number from the mass number.
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Questions





4     Atoms contain negatively charged and positively charged particles.







       a) What are the negative and positive particles called?


       b) What is the overall charge of an atom?


       c) Explain your answer to (b).


       d) What is the overall charge of the nucleus of an atom?


       e) Explain your answer to (d).


       f) Sketch the structure of the atom to show where the negative and positive particles are found.








5     In 1932 neutrons were discovered.







       a) What charge do neutrons have?


       b) Do some research to discover the name of the scientist who discovered this particle and explain why they were more difficult to find in comparison to electrons and protons.








6     Information about the three particles found in atoms can be summarised in a table. Copy and complete the table below.
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7     An atom of fluorine can be represented by a simple diagram.
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       a) Name the structure at the centre of the atom where the positive charges are found.


       b) Fluorine is found in group 7 of the periodic table. Name the family of elements to which fluorine belongs.





SQA Standard Grade General, 2012, Part 2, Q10
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