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Introduction


Welcome to the Cambridge IGCSE™ Chemistry Study and Revision Guide. This book has been written to help you revise everything you need to know and understand for your Chemistry exam. Following the Chemistry syllabus, it covers all the key core and extended content and provides sample questions, as well as practice questions, to help you learn how to answer questions and to check your understanding.
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Answers

Worked answers to the Exam-style questions can be found at www.hoddereducation.co.uk/cambridgeextras.



[image: image]



Exam breakdown

You will take three examinations at the end of your studies. If you have studied the Core syllabus content, you will take Paper 1 and Paper 3, and either Paper 5 or Paper 6. If you have studied the Extended syllabus content (Core and Supplement), you will take Paper 2 and Paper 4, and either Paper 5 or Paper 6.








	
Paper 1: Multiple Choice (Core)


	
Paper 3: Theory (Core)





	
45 minutes


	
1 hour 15 minutes





	
40 marks


	
80 marks





	
40 four-option multiple-choice questions


	
Short-answer and structured questions





	
30% of your grade


	
50% of your grade














	
Paper 2: Multiple Choice (Extended)


	
Paper 4: Theory (Extended)





	
45 minutes


	
1 hour 15 minutes





	
40 marks


	
80 marks





	
40 four-option multiple-choice questions


	
Short-answer and structured questions





	
30% of your grade


	
50% of your grade














	
Paper 5: Practical Test


	
Paper 6: Alternative to Practical





	
1 hour 15 minutes


	
1 hour





	
40 marks


	
40 marks





	
Questions will be based on the experimental skills in Section 4


	
Questions will be based on the experimental skills in Section 4





	
20% of your grade


	
20% of your grade







Examination terms explained

The examination syllabus gives a full list of the terms used by examiners and how you are expected to respond. 








	
Command word


	
Explanation





	
Calculate


	
Work out from given facts, figures or information. Give a numerical answer, generally showing the working out involved





	
Compare


	
Identify/comment on similarities and/or differences





	
Define


	
Give precise meaning





	
Describe


	
State the points of a topic / give characteristics and main features. An explanation is not required





	
Determine


	
Establish an answer using the information available





	
Evaluate


	
Judge or calculate the quality, importance, amount, or value of something





	
Explain


	
Set out purposes or reasons / make the relationships between things evident / provide why and/or how and support with relevant evidence





	
Give


	
Produce an answer from a given source or recall/memory





	
Identify


	
Name/select/recognise





	
Outline


	
Set out main points briefly, without going into detail





	
Predict


	
Suggest what may happen based on available information. You are not supposed to know the answer from memory, but to deduce it, usually from information in the question





	
Sketch


	
Make a simple freehand drawing showing the key features, taking care over proportions





	
State


	
Express in clear terms. No explanation is needed





	
Suggest


	
Apply knowledge and understanding to situations where there are a range of valid responses in order to make proposals / put forward considerations















1  States of matter



Key objectives

By the end of this section, you should be able to:


	●  state the distinguishing properties of solids, liquids and gases


	●  describe the structure of solids, liquids and gases in terms of particle separation, arrangements and motion


	●  describe changes of state in terms of melting, boiling, evaporating, freezing and condensing


	●  describe the effects of temperature and pressure on the volume of a gas


	●  describe and explain diffusion in terms of kinetic particle theory






	●  explain changes in state in terms of kinetic particle theory, including the interpretation of heating and cooling curves


	●  explain in terms of kinetic particle theory the effects of temperature and pressure on the volume of a gas


	●  describe and explain the effect of relative molecular mass on the rate of diffusion of gases








Key terms








	
Term


	
Definition





	
Boiling point


	
The temperature at which the pressure of the gas created above a liquid equals atmospheric pressure.





	
Condensation


	
The change of a gas into a liquid. This process is accompanied by the evolution of heat.





	
Diffusion


	
The process by which different substances mix as a result of the random motions of their particles.





	
Evaporation


	
A process occurring at the surface of a liquid involving the change of state of a liquid into a gas at a temperature below the boiling point. When a solution is heated, the solvent evaporates and leaves the solute behind.





	
Freezing point


	
The temperature at which a substance freezes. This has the same value as the melting point.





	
Melting point


	
The temperature at which a solid begins to turn into a liquid. Pure substances have a sharp melting point.







1.1 Solids, liquids and gases

The differences between solids, liquids and gases in terms of particle arrangement and particle separation are shown in Figure 1.1.

[image: image]
▲  Figure 1.1 Particle arrangements in a solid, a liquid and a gas. Note how most of the particles in the liquid are touching.



The differences in the properties of solids, liquids and gases, along with the explanations for these differences, based on kinetic theory, are shown in Table 1.1.

▼  Table 1.1 Properties of solids, liquids and gases










	
	
	
Surface boundary


	
Shape





	
Solids


	
Property


	
Solids have a surface boundary.


	
Solids have a fixed shape.





	
Explanation


	
Strong forces of attraction between particles in a solid prevent particles from escaping.


	
Strong forces of attraction between particles in solids mean that the particles are held together in a fixed shape. 

The particles vibrate about fixed positions but do not move from place to place.





	
Liquids


	
Property


	
Liquids have a surface boundary.


	
Liquids take the shape of the container that they are present in.





	
Explanation


	
The forces of attraction between the particles in a liquid are strong enough to prevent the majority of the liquid particles from escaping and becoming a gas.


	
The forces of attraction between particles in a liquid are weaker than in solids.

The particles slowly move from place to place, meaning that a liquid can change its shape to fit the container.





	
Gases


	
Property


	
Gases have no surface boundary.


	
Gases fill the container they are held in. They have no fixed shape.





	
Explanation


	
Gas particles move at high speeds. The particles have only very small forces of attraction between them.


	
The forces of attraction between gas particles are extremely weak.

The gas particles move at very high speeds therefore gases move to fill the container.








Revision activity

Make a table of your own to show the key information from this section. Decide which headings you need and use notes instead of complete sentences. You might want to include diagrams in some cells. It is important the table is personal to you.



1.2 Kinetic theory


When heat energy is given to a solid, the heat energy causes the particles to vibrate faster and faster about a fixed position. Eventually, the particles have enough energy for melting to occur. At the melting point, the particles have enough energy to overcome the forces of attraction between them when they are in the solid. The ordered arrangement breaks down as the solid turns into a liquid.

There is no further increase in temperature until all the solid has turned into a liquid – that is, the ordered arrangement has completely broken down.

After this, the energy given to the particles causes them to move faster from place to place until they have enough energy for boiling to occur. At the boiling point, the particles have enough energy to almost completely overcome the attraction between them when they are in the liquid. They then move as far away from each other as possible.

Again, there is no increase in temperature until all the liquid has turned into a gas.

If a gas is heated, the particles gain more and more energy and move at increasing speeds – the temperature of the gas increases. 



A liquid can become a gas by evaporation. This is not the same as boiling.


	●  Evaporation only occurs on the surface of a liquid, whereas boiling occurs throughout the liquid.


	●  Boiling only takes place at the boiling point of a liquid, but evaporation occurs at temperatures below the boiling point (as well as at the boiling point).




Puddles of water evaporate on a sunny day even though the water in the puddles does not reach 100°C. The water on the surface of the puddle turns into water vapour at temperatures well below the boiling point of water.

1.3 Changes of state

Figure 1.2 summarises the changes in state between solids, liquids and gases.

[image: image]
▲  Figure 1.2 Changes of state





Heating and cooling curves

Heating curve

A heating curve shows how a solid changes state when the temperature is gradually increased.


	●  The process shown in Figure 1.3 begins with ice at a temperature below 0°C. The temperature gradually increases until it reaches 0°C, which is the melting point of ice.


	●  At this point, ice and water exist together. The temperature does not change until all the ice has changed into water, which is why the graph line is horizontal. A sharp melting point (at one specific temperature) is an indication that a solid is pure.


	●  At the melting point, the particles have gained enough energy to overcome the forces of attraction that keep them in position in the solid. When the line is horizontal, the temperature is constant – the particles gain no more energy until all the attractions between them that exist in the solid are overcome.




[image: image]
▲  Figure 1.3 Heating curve showing the change of temperature against time for the change from ice at −15°C to water to water vapour (steam) 




	●  The temperature then begins to increase again until it reaches 100°C, which is the boiling point of water.


	●  The temperature does not increase again until all the water has changed into water vapour. This is why the line is horizontal for a second time.


	●  At the boiling point, the particles have gained enough energy to overcome the forces of attraction between them. The particles stop gaining energy until there is almost no attraction between them.


	●  When all the water has boiled, the temperature begins to rise again as the particles in the gaseous state gain more energy.




Cooling curve

A similar curve results when a gas is cooled gradually until it forms a solid. This is known as a cooling curve.

Figure 1.4 shows how water vapour changes state when the temperature is gradually decreased.

[image: image]
▲  Figure 1.4 Cooling curve 





	●  At the start, the water vapour is at a temperature above 100°C. The temperature gradually decreases until it reaches 100°C, which is the boiling point of water.


	●  At this point water vapour and water exist together. The temperature does not change until all the water vapour has changed into liquid water, which is why the graph line is horizontal.


	●  At the boiling point, the particles stop losing energy as forces of attraction between them form. The temperature does not decrease again until the forces of attraction between water particles in the liquid state have been fully formed.


	●  The temperature then begins to decrease again until it reaches 0°C, which is the freezing point of water.


	●  The temperature does not change again until all the liquid water has changed into ice, which is why the line is horizontal for a second time.


	●  At the freezing point, the particles stop losing energy as forces of attraction needed to hold them in position in a solid form between them. The temperature does not further decrease until these forces have been fully formed.


	●  When all the liquid water has frozen, the temperature begins to fall again as the particles in the solid state lose more energy.







Revision activity

The tick boxes in this book help you to record the topics you have revised. Combine this with a revision diary, in which you make a note of the sections you need to review again or concepts you need to ask your teacher about. Remember to write down what went well in each session, too. 



1.4 Effects of temperature and pressure on the volume of a gas

As the temperature of a gas increases, the volume of the gas increases proportionally if the pressure remains constant.



	●  When the temperature of a gas increases, the particles gain energy.


	●  The particles therefore collide with the walls of the container more often and with greater force.


	●  If the container does not have a fixed volume (if it is, for example, a gas syringe or a balloon), the volume increases in order to maintain a constant pressure.







As the pressure of a gas increases, the volume of the gas decreases proportionally if the temperature remains constant.



	●  When the pressure of a gas increases, the particles move closer together.


	●  This means that the same number of particles occupy a smaller space, which is why the volume of gas decreases.






1.5 Diffusion

Particles in solids do not move from one place to another – they only vibrate. Particles in liquids move slowly and particles in gases move much more quickly.

Diffusion can be demonstrated experimentally in liquids and in gases.

Diffusion in liquids

If crystals of a coloured solid, such as nickel(ii) sulfate, are placed in a liquid, such as water, the colour of the nickel(ii) sulfate spreads throughout the liquid in a matter of days, producing a solution with a uniform colour.

This is because the particles (ions) in nickel(ii) sulfate move randomly from where there are a lot of them (high concentration) to where there are fewer of them (low concentration).

[image: image]
▲  Figure 1.5 Diffusion in a liquid




Diffusion in gases

Diffusion happens much faster in gases than in liquids. This is because gas particles move more quickly than liquid particles.


Skills

Diffusion in bromine

If bromine liquid is placed in the bottom of a gas jar with another gas jar on top, as shown in Figure 1.6, the liquid evaporates and the brown colour of the bromine gas fills both jars after a short time.


[image: image]
▲  Figure 1.6 Diffusion in a gas




This experiment shows that the particles (molecules) in bromine move randomly from where there are a lot of them (high concentration) to where there are fewer of them (low concentration).

Breathing in bromine gas causes respiratory problems and dizziness. Getting bromine liquid or gas on your skin can cause skin irritation and burns. For these reasons, bromine is only used in demonstration experiments by a teacher. The teacher should wear protective gloves and carry out this experiment in a fume cupboard.




Different gases diffuse at different rates when at the same temperature because of differences in their relative molecular masses. In fact, the rate at which a gas diffuses is inversely related to the relative molecular mass of the gas.

Lighter particles travel faster and further than heavier molecules. Therefore, particles in gases with lower relative molecular mass will diffuse faster than particles in gases with higher relative molecular mass.

It is important to remember that the inverse relationship between rate of diffusion and relative molecular mass only applies to gases and not to solids or liquids.




Revision activity

Use your revision diary to help you work out which techniques help you to learn. When you record what went well in a session, make a note about how you revised the topic. Did you work with a friend? Did you put information into a table or draw a mind map? Then next time, try using that method to revise the sections you find difficult.



Sample questions



	
	1  A compound has a melting point of −30°C and a boiling point of 85°C.
Give the physical state of the compound at 25°C. Explain your answer.




	[2]





Student’s answer


Liquid because the melting point is below 25°C and the boiling point is above 25°C.



Teacher’s comments


The student’s answer is correct.

There are two things to look for in a question of this type.


	●  Pay attention to the negative sign. If a student ignores this and takes the melting point as 30°C, which is higher than 25°C, they will think the compound is a solid.


	●  Use all the information. A student who states only that the melting point is below 25°C without mentioning the boiling point will get some credit but not full marks.







	
2  When the apparatus shown below is set up, concentrated ammonia releases ammonia gas, NH3, and concentrated hydrochloric acid releases hydrogen chloride gas, HCl.

[image: image]



	
When ammonia gas reacts with hydrogen chloride gas, a white solid is produced according to the equation:

[image: image]






	a  Give the name of the white solid.


	b  Name the process by which the two gases move through the glass tube.






	c  Explain why the white solid forms nearer the concentrated hydrochloric acid end of the glass tube rather than the ammonia solution end.






Student’s answers



	a  ammonia chloride


	b  diffusion


	c  Ammonia and hydrogen chloride diffuse through the glass tube. Ammonia is lighter than hydrogen chloride, so it diffuses faster and the gases meet nearer the hydrochloric acid end.






Teacher’s comments



	a  Ammonium compounds are often mistakenly referred to as ammonia compounds. Similarly, ammonia is often referred to as ammonium. Make sure you are aware of the difference between ammonia gas, NH3, and the ammonium ion, NH4+,which is part of all ammonium salts.


	b  This is the correct answer.









	
c  This answer would gain very little (if any) credit. Answers must refer to ammonia and hydrogen chloride molecules and state that ammonia has a smaller relative molecular mass than hydrogen chloride. You should calculate relative molecular masses using relative atomic masses given in the Periodic Table if they are not provided in the question (see Section 4.1).










Correct answers


	a  ammonium chloride


	b  diffusion






	c  Molecules of ammonia and hydrogen chloride diffuse through the glass tube. Ammonia, NH3, has a lower relative molecular mass (17) than hydrogen chloride, HCl (36.5), so ammonia molecules diffuse faster than hydrogen chloride molecules. Therefore, the gases meet and react nearer the cotton wool soaked in hydrochloric acid. 









Exam-style questions



	
	1  A substance has a melting point of 85°C and a boiling point of 180°C.


	Give the physical state of the substance at 50°C.


	Explain your answer.




	[Total: 2]






	2  Use the letters A, B, C and D to answer the questions under the table.













	
Substance


	
Distance between particles


	
Arrangement of particles


	
Movement of particles





	
A


	
Very far apart


	
Ordered


	
Vibrate about fixed position





	
B


	
Fairly close together


	
Irregular


	
Move slowly





	
C


	
Very close together


	
Ordered


	
Vibrate about fixed position





	
D


	
Very far apart


	
Random


	
Move at high speeds









	
	Give the letter of the substance that is:







		a  a solid



	[1]




		b  a liquid



	[1]




		c  a gas



	[1]




		d  unlikely to represent a real substance



	[1]




	
	[Total: 4]






	3  State the word that represents the following changes:






		a  the change of a gas into a liquid



	[1]




		b  the process by which different substances mix as a result of the random motions of their particles



	[1]




		c  the process that occurs when a liquid turns into a solid



	[1]




		d  the process that occurs on the surface of a liquid when the liquid turns into a gas at a temperature below the boiling point



	[1]




	
	[Total: 4]







	
4  A cooling curve for solid X is shown below.

[image: image]








		a  Give the letter for the temperature that shows the freezing point of X.



	[1]




		b  Give the letter that represents the part of the curve where X exists as a gas only.



	[1]




		c  Describe the changes in particle separation, arrangement,  motion and forces of attraction that occur when X changes from a liquid to a solid.



	[4]




	
	[Total: 6]







Answers available at: www.hoddereducation.co.uk/cambridgeextras











2  Atoms, elements and compounds



Key objectives

By the end of this section, you should be able to:


	●  describe the differences between elements, compounds and mixtures


	●  interpret and use symbols for given atoms


	●  define the molecular formula of a compound as the number and type of different atoms in one molecule


	●  deduce the formula of a simple compound from the relative numbers of atoms present in a model or a diagram of a molecule


	●  write word equations and symbol equations (including state symbols) to show how reactants form products


	●  define oxidation as oxygen gain and reduction as oxygen loss


	●  identify redox reactions as reactions involving gain and loss of oxygen






	●  define an oxidising agent and a reducing agent







	●  describe the structure of an atom as a central nucleus containing neutrons and protons surrounded by electrons in shells


	●  state the relative charges and relative masses of a proton, a neutron and an electron


	●  define proton number (atomic number) and mass number (nucleon number)


	●  determine the electronic configuration of atoms and ions with proton number 1 to 20


	●  describe the formation of positive ions, known as cations, and negative ions, known as anions


	●  define isotopes






	●  state that isotopes of the same element have the same chemical properties and give the reason for this


	●  calculate the relative atomic mass (Ar) of an element from the relative masses and abundances of its isotopes








Key terms








	
Term


	
Definition







	
Anion


	
A negative ion. 





	
Atom


	
The smallest part of an element that can exist as a stable entity. It has a central nucleus containing neutrons and protons surrounded by electrons in shells. An atom contains equal numbers of protons and electrons.





	
Cation


	
A positive ion.





	
Chemical change


	
A permanent change in which a new substance is formed.





	
Compound


	
A substance formed by the chemical combination of two or more elements in fixed proportions.





	
Diatomic molecule


	
A molecule containing two atoms.





	
Element


	
A substance that cannot be further divided into simpler substances by chemical methods.





	
Ion


	
An atom or group of atoms that has either lost one or more electrons, making it positively charged, or gained one or more electrons, making it negatively charged.





	
Isotopes


	
Different atoms of the same element that have the same number of protons but different numbers of neutrons.





	
Mass number (nucleon number)


	
The total number of protons and neutrons found in the nucleus of an atom, symbol A.





	
Mixture


	
Two or more substances mixed together that can be separated by physical means.





	
Molecule


	
A group of atoms covalently bonded together.





	
Monatomic molecule


	
A molecule which consists of only one atom.





	
Oxidation


	
Gain of oxygen.





	
Oxidising agent


	
A substance that oxidises another substance and is itself reduced.





	
Proton number (atomic number)


	
The number of protons in the nucleus of an atom, symbol Z.





	
Redox reaction


	
A reaction which involves simultaneous oxidation and reduction.





	
Reducing agent


	
A substance that reduces another substance and is itself oxidised.





	
Reduction


	
Loss of oxygen.





	
Relative atomic mass (Ar)


	
The average mass of the isotopes of an element compared to 1/12 of the mass of an atom of 12C.







2.1 Elements

The Periodic Table (see Chapter 4) consists of elements only. Each element is made up of only one type of atom and is represented by a chemical symbol.

Elements cannot be decomposed into anything simpler by chemical methods. Note that smaller is not the same as simpler. For example, a piece of sulfur can be broken with a hammer into several smaller pieces of sulfur, but this is not breaking it into anything simpler. The act of breaking with a hammer is a physical method and not a chemical method. Thus, sulfur is an element.

Elements are classified as metals and non-metals as shown in Table 2.1. 

▼  Table 2.1 Classification of elements









	
Property


	
Metal


	
Non-metal





	
Physical state at room temperature


	
Solid (except mercury)


	
Solid, liquid (bromine only) or gas





	
Malleability


	
Good


	
Poor (usually soft or brittle)





	
Ductility


	
Good


	
Poor (usually soft or brittle)





	
Appearance


	
Shiny (lustrous)


	
Usually dull





	
Melting point/boiling point


	
Usually high


	
Usually low





	
Density


	
Usually high


	
Usually low





	
Conductivity (electrical and thermal)


	
Good


	
Poor (except graphite)








2.2 Compounds

Compounds have a chemical formula which shows them to contain two or more elements which are chemically combined in fixed proportions.

Although compounds are made of more than one element, they are still pure substances because they have a constant composition – every molecule is the same.

Examples of compounds are:


	●  sodium chloride, NaCl


	●  carbon dioxide, CO2


	●  copper(ii) nitrate, Cu(NO3)2





Skills

Formulae

The formula of a compound shows the proportions of each element. For example, iron(ii) sulfide has the formula FeS. This means that all samples of iron(ii) sulfide contain iron and sulfur in the proportion of 1 atom of iron to 1 atom of sulfur.

Worked example 1

Write down the ratio of atoms in lead(ii) nitrate, Pb(NO3)2.

Answer

Multiplying out the brackets gives PbN2O6.

Therefore, the ratio of Pb:N:O is 1:2:6.

Worked example 2

Use Figure 2.1 to deduce the molecular formula of ethanol.

[image: image]
▲  Figure 2.1 A molecule of ethanol




Answer

The molecule contains 2 carbon atoms, 6 hydrogen atoms and 1 oxygen atom.

Therefore, the molecular formula is C2H6O.



Chemical changes and word equations

Chemical changes or chemical reactions are changes in which new chemical substances are produced.

Word equations give the names of the reactants which take part in a chemical reaction and the products that are made in the reaction.

In the following reaction:

[image: image]

we say the magnesium is oxidised because it gains oxygen.


Oxygen causes the oxidation. Therefore, oxygen is the oxidising agent.



Reduction is the opposite of oxidation – it is the loss of oxygen. In the following reaction:

[image: image]

copper(ii) oxide is reduced because it loses oxygen.

In this reaction, hydrogen gains oxygen – it is oxidised.


Hydrogen causes the reduction. Therefore, hydrogen is the reducing agent.



It follows that oxidation and reduction always occur at the same time. 

A reaction in which oxidation and reduction both occur is known as a redox reaction.

Symbol equations give the correct formulae of the reactants and products in a reaction. Symbol equations are balanced when the number of atoms of each element is the same on both sides of the equation. 


Skills

Balancing symbol equations


	1  Write down the word equation. (This can be omitted with experience.)


	2  Write down the correct formulae of the reactants and products.


	Take care not to use incorrect formulae (e.g. H instead of H2 or O instead of O2) or to change formulae. In Worked example 1 below, changing H2O into H2O2 would make the number of atoms of each element the same on both sides, but H2O2 is the formula for hydrogen peroxide not water.


	3  Count the number of atoms of each element on both sides.


	4  If the number of atoms of each element is not the same on both sides, put numbers in front of the formulae so that the number of atoms of each element is the same on both sides.


	5  Put state symbols after the formulae: (s) = solid, (l) = liquid, (g) = gas, (aq) = aqueous solution. This can be done after Steps 2 or 3 if preferred.




Worked example 1

Word equation: 

[image: image]

Unbalanced equation: 

[image: image]

Number of atoms of each element on both sides:

[image: image]

As the number of atoms of oxygen is not the same on both sides, the first step is to put 2 in front of H2O. This multiplies everything that comes after it.

[image: image]

Number of atoms of each element on both sides:

[image: image]

In balancing the oxygen, we have unbalanced the hydrogen. Therefore, we need to put 2 in front of H2. The equation is now balanced and state symbols can be inserted:

[image: image]


Number of atoms of each element on both sides:

[image: image]

Worked example 2

Word equation: 

[image: image]

Unbalanced equation: 

[image: image]

Number of atoms of each element on both sides:

[image: image]

The aluminium is balanced. To balance the chlorine, we put 2 in front of AlCl3 and 3 in front of Cl2:

[image: image]

Number of atoms of each element on both sides:

[image: image]

The aluminium is now unbalanced, so we must put 2 in front of Al to balance the equation:

[image: image]

Number of atoms of each element on both sides:

[image: image]



2.3 Mixtures

Mixtures contain two or more elements and/or compounds in variable proportions. Mixtures do not have a chemical formula.

If a compound is present in an aqueous solution, the aqueous solution is a mixture because it contains two substances which are not chemically combined. For example, sodium hydroxide solution (also referred to as aqueous sodium hydroxide) contains sodium hydroxide and water.

A mixture containing two substances does not necessarily contain equal amounts of each substance. If we had a mixture of salt and sand which contained equal amounts of each substance and we added more salt to it, it would still be called a mixture of salt and sand. A mixture of salt and sand can contain more salt than sand, or more sand than salt, or equal amounts of salt and sand. This is different from the composition of a compound, as shown in the case of iron(ii) sulfide above. 


Air is another mixture (see Chapter 11). It does not have a chemical formula because it contains several chemical substances as opposed to one substance. Air contains nitrogen and oxygen with smaller amounts of other gases, such as water vapour, carbon dioxide and argon. Polluted air may also contain other gases, such as carbon monoxide, sulfur dioxide and nitrogen dioxide.

Air from different places has different percentages of its constituent gases. For example, the amounts of pollutant gases are lower in the countryside than in industrial areas. However, the different samples are all called air even though the composition of the mixture can vary.


2.4 Inside atoms

Atoms are made from smaller particles called protons, neutrons and electrons. The protons and neutrons exist in the centre of the atom in a dense region called the nucleus. The electrons move around the nucleus and exist in electron shells at increasing distances from the nucleus.

Make sure you learn the information in Table 2.2. You need to know the differences between the relative mass and relative charge of a proton, neutron and electron.

▼  Table 2.2 The properties of protons, neutrons and electrons









	
Particle


	
Relative mass/atomic mass units


	
Relative charge





	
Proton


	
1


	
+1





	
Neutron


	
1


	
0





	
Electron


	
1/1837


	
−1







Atoms are often represented as shown in Figure 2.2.

The proton number or atomic number is the number of protons in one atom of an element. As atoms do not have a charge, the number of protons in an atom is always equal to the number of electrons.

The mass number or nucleon number is the number of neutrons and protons added together in one atom of an element.

It is a good idea to remember that the mass number is always larger than the proton number (with the exception of the most abundant isotope of hydrogen, for which both numbers are 1).

[image: image]
▲  Figure 2.2 Phosphorus as shown in a Periodic Table. In some textbooks, the two numbers may be reversed.





Skills

Calculating the number and type of particles in an atom

[image: image]

Worked example

Calculate the number of protons, electrons and neutrons in one phosphorus atom using the information in Figure 2.2.

Answer

[image: image]



Ions

Ions are atoms (or groups of atoms) that have gained or lost an electron or electrons.

Positive ions (cations) are formed when atoms or groups of atoms lose an electron or electrons. They are positively charged because the number of protons is larger than the number of electrons. The number of positive charges is equal to the number of electrons that are lost when they form.

Negative ions (anions) are formed when atoms or groups of atoms gain an electron or electrons. They are negatively charged because the number of electrons is larger than the number of protons. The number of negative charges is equal to the number of electrons that are gained when they form.


Skills

Calculating the number and type of particles in an ion

Worked example 1

Calculate the number of protons, neutrons and electrons in a Cu2+ ion.

Cu has a nucleon number of 63.

Answer


	●  If the proton number is not given in the question, you should use a Periodic Table to find it.


	Copper has a proton number of 29. This means that all copper atoms and ions contain 29 protons.


	●  The number of neutrons = nucleon number − proton number = 63 – 29 = 34.


	●  All positive ions have more protons than electrons.


	
The charge on a positive ion = number of protons – number of electrons.

[image: image]





Worked example 2

A particle contains 13 protons, 14 neutrons and 10 electrons.


	a  Give the symbol of the element that forms this particle.


	b  Deduce the mass number of the particle.


	c  Deduce the charge on the particle.




Answers


	a  The symbol of the element depends only on the number of protons in the particle. The element can be identified from the Periodic Table. Aluminium atoms and ions have 13 protons, so the symbol is Al.


	b  Mass number = number of protons + number of neutrons


	                           = 13 + 14 = 27


	
c  This ion contains more protons than electrons. Therefore, it is a positive ion.

[image: image]
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