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Getting the most from this book


Welcome to the Edexcel International GCSE (9–1) Chemistry Student Book. This book has been divided into four Sections, following the structure and order of the Edexcel Specification, which you can find on the Edexcel website for reference. Section 1 has been divided into two parts to help you structure your learning.
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At the start of each Section you will find the learning objectives for that Section.
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Each Section has been divided into a number of smaller Chapters to help you manage your learning.


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


Practical boxes tell you whether the practical work is required or suggested by the exam board, and include links to the specification.
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RESEARCH • CALCULATE


Try the activity before you start, and then have a look at it again once you have completed the Section to see if your responses are different before and after learning more about the topics.
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MATHS TIP


Maths tips give you additional help with the maths in the book so you can avoid losing valuable marks in the exam.
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EXAM TIP


Exam tips throughout the book will guide you in your learning process.
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STUDY QUESTIONS


At the end of each Chapter you will find Study Questions. Work through these in class or on your own for homework. Answers are available online.
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You will find Exam-style questions at the end of each Section covering the content of that section and the different types of questions you will find in an examination.
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ANSWERS


Answers for all questions and activities in this book can be found online at
www.hoddereducation.co.uk/igcsechemistry
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At the end of each Section, you will find a summary checklist highlighting the key facts that you need to know and understand, and key skills that you learnt in the Section.
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Before you try the Exam-style questions, look at the sample answers and expert’s comments to see how marks are awarded and common mistakes to avoid.
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EXTEND AND CHALLENGE


When you have completed all the Exam-style questions for the Section, try the extension activity.
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Principles of chemistry 1
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Everything around us, everything we use, and even our bodies, depend on taking raw materials like this iron ore and transforming it into useful substances. The cars we ride in depend on the chemical processes that turn the iron ore into steel.


Why are some substances solids, others liquids and some gases?


What are the rules governing chemical reactions? How can we predict what will happen in different reactions? How can we describe to other people easily in a universal language what is happening when two substances react together?


To understand all of these we need to know the science of substances – the principles of chemistry.
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By the end of this section you should:





•  be familiar with the states of matter



•  know how to obtain pure substances



•  understand the Periodic Table, what it is and how it is useful in chemistry (this is on p. 273)



•  be able to describe the structure of an atom using information from the Periodic Table of elements



•  be able to describe the electronic configuration of the first 20 elements of the Periodic Table



•  be able to calculate the relative formula mass of a compound.
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DISCUSS • PRESENT





1  Make a list of 20 items you have used today. Separate them into two groups: those that are good conductors of electricity and those that are poor conductors. Can you suggest why some materials conduct electricity and others do not?



2  Find out what a shorthand typist used to do. Suggest what use ‘shorthand’ might be in chemistry.



3  There are two methods for making a chemical fertiliser. One method turns 60% of the raw materials into the fertiliser. The other method converts 90% of the raw materials into the fertiliser, but uses four times as much energy. Suggest the economic and environmental advantages of each process.
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1.1 Particles and solubility


How does the liquid get through the filter paper when filter coffee is made? The coffee grains don’t get through the paper. Why is this?


When sugar is added to hot tea or coffee, it dissolves quickly. The sugar seems to disappear. What happens to the sugar when it dissolves? Where does the sugar go?
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Dissolving is evidence


Look at the photos in Figure 1.1 and try to answer the questions above. In order to answer these questions, you will need to use the idea that:
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All materials are made up of particles.
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We can explain how the sugar dissolves and disappears using the idea of particles. Both sugar and water are made up of very small particles. These particles are much too small to see, even under a microscope. When sugar dissolves, tiny particles break off each solid granule. These tiny invisible sugar particles mix with the water particles in the liquid. The solution tastes sweet even though you cannot see the sugar.
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The sugar is the substance that dissolves. We call a substance that dissolves the solute. The water that the sugar dissolves in is called the solvent. The mixture of dissolved sugar and water is called a solution.
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PRACTICAL


If possible, get some sugar and stir it into a cup of warm water (Figure 1.2). Watch the sugar disappear as you stir the water.


Sugar dissolving is practical evidence for particles.


Do not eat or taste the sugar solution if it has been made in the laboratory.
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Solvents, solutes and solutions



Not all substances dissolve in water. Different masses of different substances (solutes) dissolve in water. There is a maximum mass of a solute that can dissolve in the solvent. When no more solute can dissolve in the solution we say the solution is saturated.
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Solubilities are often measured in g of solute per 100 g of solvent.
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For many substances the temperature of the solvent affects the maximum mass of solute you can dissolve in 100 g of solution. Increasing the solvent’s temperature usually increases the mass of solute that dissolves. If you repeat the experiment above at five different temperatures you can plot a graph of solubility in g per 100 g of solvent against temperature. Figure 1.3 shows a graph for the solubility of sodium chloride (salt) at different temperatures.




[image: ]






[image: ]


REQUIRED PRACTICAL


This experiment will enable you to discover the maximum mass of salt that can dissolve in water at a specific temperature. Make sure eye protection is worn for this experiment.




1. Measure 100 cm3 of water into a beaker. This will have a mass of 100 g.


2. Record the temperature of the water.


3. Add 5 g of salt to the water and stir. Look to see if there is any undissolved salt left in the bottom of the beaker.


4. If all the salt has dissolved add another 5 g of salt and stir again.


5. Keep adding 5 g of salt at a time and stirring until there is some undissolved salt left in the bottom of the beaker. Make a note of how many grams of salt you have added in total.





When no more salt will dissolve in the water you have a saturated solution. Your experimental results will be the solubility of salt in grams per 100 g of water.
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Solubility curves


Not all graphs of solubility against temperature are linear relationships. Often they are curves. Figure 1.4 shows solubility curves for four different substances.
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MATHS TIP


A straight line graph like the one in Figure 1.3 shows a relationship of y = mx + c. It is a linear relationship between two variables, x and y. This means that the value on the vertical or y-axis is always equal to the value on the horizontal x-axis multiplied by a constant m plus another constant c.
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The solubility of each of these substances can be found from the graph at any temperature between 0 °C and 100 °C. If you need to know the mass of sodium nitrate needed to make a saturated solution at 80°C you should:





•  find the temperature you want on the horizontal x-axis, 80 °C



•  look up the line at 80 °C until you find the curve for sodium nitrate



•  look across at the y-axis to read off the mass needed to make a saturated solution in 100 g of water.






Finding solubilities by evaporation



If you make a saturated solution of anhydrous sodium sulfate using 100 cm3 of water you can find out the mass of sodium sulfate dissolved by heating the solution in an evaporating basin. Weigh the basin empty, add the solution, heat and evaporate the water. When the basin is dry re-weigh the basin. The difference between the two mass readings is the mass of sodium sulfate dissolved in 100 g of water.


How large are the particles of substances?


Anyone who cooks knows that a small amount of pepper, ginger or curry powder will give food a really strong taste. Too much spice can spoil the whole meal. This suggests that tiny particles in the spice can spread throughout the whole meal.


Figure 1.5 shows an experiment that will help to give you some idea about the size of particles.





1  Dissolve 1 g of dark purple potassium manganate(VII) crystals in 1000 cm3 of water.



2  Take 100 cm3 of this solution and dilute it to 1000 cm3 with water.



3  Now take 100 cm3 of the once-diluted solution and dilute this to 1000 cm3 with more water.



4  Carry out further dilutions until you get a solution in which you can only just see the pink colour. It is possible to make six dilutions before the pink colour is so faint that it is only just noticeable.
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SAFETY


Wear eye protection.
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When potassium manganate(VII) dissolves, its particles spread throughout the water making a dark purple solution. When this solution is diluted, the particles spread further apart.


This experiment shows that the tiny particles in only 1 g of potassium manganate(VII) can colour 1 000 000 000 (one thousand million) cm3 of water. This suggests that there must be millions and millions of tiny particles in only 1 g of potassium manganate(VII).


Similar experiments show that the particles in all substances are extremely small. For example, there are more air particles in a tea cup than grains of sand on a large beach.
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STUDY QUESTIONS





1  Krisnan and Christine were talking about dissolving sugar in tea. Krisnan thought that the sugar would weigh less when it had dissolved because it would be floating in the tea.







    a)  What do you think happens to the mass of a substance when it dissolves?


    b)  Plan an experiment to test your suggestions in part (a).


    c)  If possible, carry out your suggested experiment. Explain your results.








2  Get into groups of two or three. Use the idea of particles to discuss and explain what happens when:







    a)  water in a kettle boils to produce steam


    b)  you add water to a clay flower pot and the outside of the pot becomes wet


    c)  puddles disappear on a fine day


    d)  tightly tied balloons go down after some time.








3  Explain the following terms:







    a)  solute


    b)  solvent


    c)  solution


    d)  saturated


    e)  solubility


    f)  y = mx + c








4  Use Figure 1.4 to help you answer these questions.







    a)  In what unit is solubility measured?


    b)  Which substance’s solubility has a linear relationship?


    c)  Name a substance with a non-linear solubility graph.


    d)  Calculate the solubility of sodium nitrate at 80 °C








5  Look back at Figure 1.5 and the experiment involved. Suppose that 1 g of potassium manganate(VII) has a volume of cm3 and that there is one particle of potassium manganate(VII) in every drop of the final 1 000 000 000 cm3 of faint pink solution.







    a)  Estimate the number of drops in 1 cm3 of the faint pink solution.


    b)  How many particles of potassium manganate(VII) are there in 1 000 000 000 cm3 of the faint pink solution?


    c)  Calculate the volume of one particle of potassium manganate(VII) in the crystal.
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1.2 Particles in motion


Fish and chips have a delicious smell. How does the smell get from the fish and chips to your nose?
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Diffusion


The way that smells travel from their source suggests that particles, whether from fish and chips or from perfume, move through the air. This movement of particles is called diffusion.




[image: ]




Gases consist of tiny particles moving at high speeds. The particles collide with each other and with the walls of their container. Sooner or later, gases like those from the fish and chips will diffuse into all the space they can find.


Diffusion also occurs in liquids, but it takes place much more slowly than in gases (Figure 2.3). This means that liquid particles move around more slowly than gas particles. Diffusion does not happen in solids.
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You can investigate diffusion in liquids using blackcurrant juice.





1  Add two drops of blackcurrant juice very carefully to a glass of water. The juice colours a small part of the water purple.



2  Leave the glass in a safe place where it cannot be disturbed. The purple juice moves away from the top of the water.



3  Check the glass again after one day. All the water is now a pale lilac colour. Particles in the purple juice have moved about and mixed with the water particles.





Do not drink the juice or its solution if it has been made in a laboratory.


Diffusion is very important in living things. It explains how the food you eat gets into your bloodstream, where it is carried by your blood to different parts of your body. After a meal, food passes into your stomach. Here, large particles are broken down into smaller particles. These smaller particles can diffuse through the walls of the intestines into the bloodstream.


Particle motion and temperature


As the temperature rises, particles have more energy and they move about faster. This means that gases and liquids diffuse faster when the temperature rises.


The kinetic theory of matter


The idea that all substances contain incredibly small moving particles is called the kinetic theory of matter. The word ‘kinetic’ comes from a Greek word meaning moving.


The main points of the kinetic theory are:





•  All matter is made up of tiny, invisible, moving particles. These particles are atoms, molecules and ions.



•  Particles of different substances have different sizes. Particles of elements, like iron, copper and sulfur, are very small. Particles of compounds, like petrol and sugar, are larger, but still very small.



•  Small particles move faster than larger particles at the same temperature.



•  As the temperature rises, the particles have more energy and move around faster.



•  In a solid, the particles are very close and arranged in a regular pattern. They can only vibrate about fixed positions (Figure 2.4).



•  In a liquid, the particles are not in a regular arrangement. They have more energy and they can slide past each other (Figure 2.5).



•  In a gas, the particles are far apart. They move very fast and randomly in all the space they can find (Figure 2.6).
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Changes of state



The kinetic theory can be used to explain how a substance changes from one state to another. A summary of the different changes of state is shown in Figure 2.7. These changes are usually caused by heating or cooling.
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Melting and freezing


When a solid is heated, its particles gain energy. The particles vibrate faster and faster until eventually they break away from their fixed positions. The particles begin to move around each other and the solid has melted to form a liquid.




[image: ]


The temperature at which the solid melts is called the melting point.
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The temperature at which a solid melts tells us how strongly its particles are held together. Substances with high melting points have strong forces of attraction between their particles. Substances with low melting points have weak forces of attraction between their particles. Metals and alloys, like iron and steel, have high melting points. This suggests that there are strong forces of attraction between their particles. This is why metals can be used as girders and supports.


Evaporating and boiling


The particles in a liquid can move around each other. Some particles near the surface of the liquid may have enough energy to escape from the liquid into the air. When this happens, the liquid evaporates to form a gas.


If the liquid is heated, its particles move faster. This gives more of them sufficient energy to escape from the surface. So, evaporation increases as the temperature of the liquid rises.


On further heating, the liquid particles are moving so rapidly that bubbles of gas form inside the liquid.
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The temperature at which a liquid boils is called its boiling point.
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Boiling points tell us how strongly the particles are held together in liquids. Volatile liquids, like petrol, evaporate easily and boil at low temperatures. They have weak forces of attraction between their particles.
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STUDY QUESTIONS





1  What do you understand by the following terms: diffusion, kinetic theory, states of matter, melting point, boiling point?




2  What happens to the particles of a liquid:







    i)   as it cools down;


    ii)  as it freezes?








3  Use the kinetic theory to explain why:







    i)   gases exert a pressure on the walls of their container;


    ii)  you can smell hot, sizzling onion several metres away, but you have to be near cold onion to smell it;


    iii) liquids have a fixed size but not a fixed shape;


    iv) solid blocks of air freshener disappear without leaving any solid;


    v)  you can smell some cheeses even when they are wrapped in clingfilm.





[image: ]








1.3 Atoms and molecules


In ancient times the Greeks thought that everything was made from just four substances: earth, fire, air and water. The Greeks called these the four ‘elements’.


Chemists now know that none of these are elements – two are mixtures, one a compound and fire is a chemical reaction taking place. We now recognise 118 different elements, the simplest types of substances that all other substances are made from. They are all listed in the Periodic Table. The smallest particle of an element is an atom.


What is an atom?


An atom is the smallest particle of an element. The word ‘atom’ comes from a Greek word meaning ‘indivisible’ or ‘unsplittable’. At one time, scientists thought that atoms could not be split. We now know that atoms can be split. But, if an atom of one element is split, it becomes a different element.


Copper contains only copper atoms and carbon contains only carbon atoms.


So far we have learnt that all substances and all materials are made of particles. There are only three different particles in all substances – atoms, molecules (see the next page) and ions. Ions are atoms or molecules that are electrically charged. There is more about ions in Chapters 1.8, 1.14 and 1.17.


Electron microscopes can magnify objects more than a million times. In 1958, scientists in Russia identified individual atoms for the first time using an electron microscope. The atoms they identified were those of barium and oxygen. Figure 3.1 shows an electron microscope photo of a gold crystal. The magnification is 40 000 000 times. Each yellow blob is an individual gold atom.
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Representing atoms with symbols


The word ‘atom’ was first used by John Dalton in 1807 when he put forward his ‘Atomic Theory of Matter’. Dalton suggested the name atom for the smallest particle of an element and he also suggested a method of representing atoms with symbols. Figure 3.3 shows some of Dalton’s symbols. The modern symbols that we use for different elements are based on Dalton’s suggestions.
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Table 1 gives a list of the symbols for some of the common elements. (A longer list of symbols appears on page 280). Notice that most elements have two letters in their symbol. The first letter is always a capital, the second letter is always small. These symbols come from either the English name (O for oxygen, C for carbon) or from the Latin name (Au for gold – Latin: aurum; Cu for copper – Latin: cuprum).
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Compounds and atoms




[image: ]


A compound is a substance that contains atoms of two or more elements combined together chemically.
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Water contains both hydrogen and oxygen atoms combined together chemically, and carbon dioxide contains both carbon and oxygen. Compounds always contain atoms from more than one element.


Mixtures are different from compounds as the different substances are not combined together chemically.


Pure substances have fixed melting and boiling points. Pure water melts at 0 °C and boils at 100 °C. If ethanol is mixed with the water the liquid freezes over a range of temperatures near to 0 °C, and boils over a range of temperatures from around the boiling point of ethanol (78 °C) up to the boiling point of water at 100 °C.
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A substance that melts or boils over a range of temperatures will be a mixture, not a pure compound or element.
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What is a molecule?
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A molecule is the smallest particle that can have a separate, independent existence.
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When atoms of the same element join together the result is a molecule of an element. When atoms of different elements join together the result is a molecule of a compound.


For example, a molecule of water contains two atoms of hydrogen combined with one atom of oxygen. A molecule of carbon dioxide contains one atom of carbon combined with two atoms of oxygen (Figure 3.4).
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Molecular formulae



The symbols for elements can also be used to represent molecules and compounds. So, water is represented as H2O – two hydrogen atoms (H) and one oxygen atom (O). Carbon dioxide is written as CO2 – one carbon atom (C) and two oxygen atoms (O).


‘H2O’ and ‘CO2’ are called molecular formulae or just formulae, for short. Numbers are written after symbols as subscripts if there are two or more atoms of the same element in a molecule.
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A molecular formula shows the numbers of atoms of the different elements in one molecule of a substance.
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Some other diagrams of molecules and their chemical formulae are shown in Figure 3.5.
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Some molecules are very simple, such as hydrogen chloride (HCl) and water (H2O). Others are more complex, such as ethanol (C2H5OH). Others, such as chlorophyll, are very complex (C51H72O4N4Mg).


Atoms and molecules of elements


Almost all elements, for example iron (Fe), aluminium (Al) and copper (Cu), can be represented simply by their symbols, because they contain single atoms. But, this is not the case with oxygen, hydrogen, nitrogen or chlorine. These elements exist as molecules containing two atoms combined together.


So, oxygen is best represented as O2 and not O, hydrogen as H2 not H, nitrogen as N2 and chlorine as Cl2 (Figure 3.6). These molecules of elements containing two atoms are described as diatomic molecules.
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STUDY QUESTIONS





1  Find out about the life and work of John Dalton. Prepare a short talk about Dalton for the rest of your class.



2  How many atoms of the different elements are there in one molecule of:







          i)   methane (natural gas), CH4;


          ii)  sulfuric acid, H2SO4;


          iii) sugar, C12H22O11;


          iv) chloroform, CHCl3?








3  The formula for nitrogen is N2. What does this mean?



4  Look at Dalton’s symbols for the elements in Figure 3.3.







    a)  What do we call ‘Azote’ and ‘Platina’ today?


    b)  Six of the substances in Dalton’s list are compounds and not elements. Pick out two of these compounds and write their correct chemical names.


    c)  Which one of Dalton’s symbols do you think is the most appropriate? Why do you think it is appropriate?
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1.4 Separating materials


How much money has been saved in the jar in Figure 4.1? It is hard to count the money when it is all mixed up together. You need to separate the mixture. If you did this by hand you would put coins of the same value in piles of ten and count them up. Suggest how the coin-counting machine separates the different coins.
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Most naturally occurring materials are mixtures. Very often these mixtures have to be separated before we can use the materials in them. The methods that we choose to separate mixtures depend on the different properties of the substances in them.


Separating an insoluble solid from a liquid


Filtration


Usually, it’s easy to separate an insoluble solid from a liquid by filtering. This method is used to make filter coffee by separating the residue (coffee grains) from the filtrate (filter coffee). Notice how the equipment used to make filter coffee in Figure 4.2 is similar to that which you would use for filtration in the lab.
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Clean water for our homes


Filtration plays an important part in obtaining clean water for our homes. Figure 4.3 shows the main stages in the purification of our water supplies.
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1  The water is first stored in a reservoir where most of the solid particles can settle out.



2  As the water is needed, it is filtered through clean sand and gravel which trap smaller particles of mud and suspended solids (Figure 4.4).



3  After filtering, the water is treated with small amounts of chlorine to kill harmful bacteria in the water.



4  The purified water is finally pumped to storage tanks and water towers from which it flows to our homes.
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Filtration is also used to separate beer from its sediment (yeast) before bottling. The beer is filtered by forcing it through filter cloths to catch the sediment.



Centrifuging



Sometimes, solid particles in a liquid are so small that they can pass through a filter paper, so filtration is useless. The tiny solid particles float in the liquid as a suspension. In this case, the solid can be separated by centrifuging. The mixture is poured into a tube and spun round very rapidly in a centrifuge. This forces the denser solid particles to the bottom of the tube and the liquid can be poured off easily. Centrifuging is used in hospitals to separate denser blood cells from blood plasma (liquid). It is also used in dairies to separate milk from cream.


Separating a soluble solid from a solution


Tap water is clean but not pure. It contains dissolved gases including oxygen from the air and dissolved solids from the soil and river beds over which it flowed. Tap water is a solution. Seawater (brine) is another example of a solution. It contains salt and many other substances dissolved in water. You can’t see the salt in clear seawater, but it must be there because you can taste it. The salt has been broken up into tiny particles which are too small to be seen even with a microscope. These particles are so small that they can pass through the holes in filter paper during filtration.
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The mixture of dissolved salt and water forms a solution.


The substance that dissolves is called the solute.


The liquid in which the solute dissolves is the solvent.


[image: ]





Solids, such as salt and sugar, which dissolve are described as soluble. Solids, such as sand, which do not dissolve are insoluble.


The easiest way to obtain a soluble solid from its solution (such as the salt in seawater) is by allowing the solvent, which is water in this case, to evaporate.


Extracting salt from seawater


When seawater is left in a bowl, white salt is left behind as the water evaporates. Next time you are at the seaside, look for white rings of salt around the edges of rock pools.
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The process during which a liquid turns to a vapour is called evaporation.
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If the solvent evaporates slowly from a solution, the solute is often left behind as large, well-shaped crystals.


Usually, evaporation is carried out more rapidly by boiling the solution. In this case, the solute is left behind as small, poorly shaped crystals.


In some hot countries, salt is obtained from seawater on a large scale by crystallisation. The sea is allowed to flood flat areas in shallow ponds called salt pans. As the water evaporates, sea salt is left behind as white crystals.
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Separating a solvent from a solution



Sometimes, the part of a solution that you want is the liquid solvent and not the solute. In this case, distillation can be used to collect the solvent. Distillation can be used to separate pure water from seawater (Figure 4.6). When the seawater is boiled, water evaporates off as steam. The steam then passes into a water-cooled sloping tube called a condenser. Here the steam turns back to water. This pure water is called the distillate.
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PRACTICAL


It is very important to be able to separate a pure substance from a mixture. Make sure you know these techniques and can use them.
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The process during which vapour changes to liquid is called condensation.
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Notice from the process of distillation in Figure 4.6 that:
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Distillation is an important process in:





•  obtaining pure drinking water from seawater in parts of the Middle East where fuel is cheap



•  making ‘spirits’ such as whisky, gin and vodka from diluted alcoholic solutions.
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Separating liquids which mix completely


If alcohol is added to water, the two liquids mix completely to form a single layer. Liquids like these which mix completely are described as miscible. Miscible liquids can be separated by a special form of distillation called fractional distillation. The method works because the different liquids have different boiling points. When the mixture is heated, different liquids boil off at different temperatures as each one reaches its boiling point. The liquid with the lowest boiling point is collected first, then the one with the next lowest boiling point, and so on.


Fractional distillation is important in separating the different fractions in crude oil (Chapter 4.1). It can also be used to separate a mixture such as ethanol and water. The apparatus shown in Figure 4.8 has a fractionating column which allows the vapour to condense and re-vaporise several times. When the vapour reaches the top of the fractionating column and condenses the distillate is nearly pure ethanol. If the mixture was distilled using a simple distillation apparatus, then the distillate would be a mixture of ethanol and water.
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Separating similar substances


Chromatography can sometimes be used to separate very similar substances. For example, it is used to separate dyes in ink, different sugars in urine, and drugs in the blood.


Figure 4.10 shows how dyes in ink can be separated by chromatography. A spot of ink is applied to a piece of chromatography paper. This is then placed in a solvent. As the solvent moves up the paper, the dyes in the ink spot separate. The dyes that dissolve more readily in the solvent will travel further up the paper.
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This method was initially used to separate mixtures of coloured substances. It was called chromatography from the Greek word ‘khroma’ meaning colour.


Chromatography is also used to separate colourless substances. After the solvent has soaked up the paper, it is dried and then sprayed with a locating agent. The locating agent reacts with each of the colourless substances to form a coloured product that can be seen.


Rf values and chromatograms


Figure 4.11 shows two chromatograms. They were made at different times, but the results need to be interpreted together. You cannot just compare the dots. Scientists discovered that if you use the same solvent and the same type of paper, then the relative distance moved by the chemical when compared to the solvent front (the distance moved up the paper by the solvent) is always the same. They called this the Rf value. You can calculate it using this equation:
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The Rf value is always less than 1.
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STUDY QUESTIONS





1  What are the main stages in the purification of water for our homes?



2  Your younger brother and sister are playing at cooking. They decide to mix sugar with sand. Fortunately, you have a good chemistry set. Describe how you would separate dry sand and sugar crystals from their mixture.



3  You are given a yoghurt pot, some pebbles and some sand.







    a)  Design a small-scale filtration plant which you could use to clean muddy river water. Draw a diagram of your design.


    b)  How could you check how well your model works?








4  How would you obtain dry, well-shaped crystals from a solution of salt water?



5  How would you prepare a jug of filter coffee? In your answer, use the words: solution, solvent, solute, dissolve, soluble, insoluble, filtrate.




6  Whisky is obtained by distilling a solution made from fermented grains such as barley. The solution contains ethanol (boiling point 78 °C) and water (boiling point 100 °C).







    a)  Which liquid boils at the lower temperature: ethanol or water?


    b)  Which of these liquids evaporates more easily?


    c)  If beer is distilled, will the distillate contain a larger or smaller percentage of ethanol?


    d)  Why is whisky more alcoholic than beer?








7  Some students investigated the pigments used in six different inks. They did some paper chromatography of the inks. The chromatogram shows their results.
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    a)  How many pigments were present in the six inks?


    b)  Which of the inks A-F are identical? Explain your answer.


    c)  Calculate the Rf value of the red pigment.
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1.5 Atomic structure


During the 19th century atoms were thought to be solid particles that were all identical. At the end of the 19th century (1896), a scientist called J.J. Thomson found evidence of a smaller particle. He called it an electron. The electron was found to be negatively charged, and could be produced out of neutral atoms. This led to the suggestion of the existence of a small positively charged particle as part of the atom.


Discovering atomic structure


In 1909 two scientists, Hans Geiger and Ernest Marsden, discovered that radioactive particles called alpha particles fired at thin sheets of gold foil could travel straight through but were sometimes deflected. These results were explained in 1911 by Ernest Rutherford, who suggested that an atom had a small central positive nucleus that was very heavy, and a cloud of negative electrons round it. Most of the atom was an empty space!


The model was very successful in explaining atomic structure but there was still one problem, the mass of an atom. Only for hydrogen did the number of protons in the nucleus add up to the mass of the atom. This problem was solved in 1932 when James Chadwick discovered a neutral particle, the neutron, with the same mass as a proton that was also in the nucleus.
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Most hydrogen atoms have one proton, no neutrons and one electron. Since the mass of the electron is almost zero compared to the mass of the proton and neutron, a hydrogen atom has a ‘relative mass’ of one unit (one proton mass). Most helium atoms have two protons, two neutrons and two electrons. The two protons and two neutrons give a helium atom a relative mass of four units.
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Protons, neutrons and electrons


Scientists now know that:





•  all atoms are made up from three basic particles – protons, neutrons and electrons



•  the nuclei of atoms contain protons and neutrons



•  the mass of a proton is almost the same as that of a neutron



•  protons have a positive charge, but neutrons have no charge



•  electrons move in the space around the nucleus, in ‘shells’



•  the mass of an electron is negligible compared to that of a proton



•  electrons have a negative charge



•  the negative charge on an electron is equal in size, but opposite in sign, to the positive charge on a proton



•  in any atom, the number of electrons is equal to the number of protons



•  all atoms of a particular element have the same number of protons



•  atoms of different elements have different numbers of protons.
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Figure 1.3 A graph of the solubility of sodium chloride at different temperatures.
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