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Get the most from this book

Welcome to the Edexcel A level Chemistry 1 Student’s Book! This book covers Year 1 of the Edexcel A level Chemistry specification and all content for the Edexcel AS Chemistry specification.

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

These highlight important facts, common misconceptions and signpost you towards other relevant topics.

[image: ]




[image: ]

Key terms and formulae

These are highlighted in the text and definitions are given in the margin to help you pick out and learn these important concepts.
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Test yourself questions

These short questions, found throughout each chapter, are useful for checking your understanding as you progress through a topic.
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Examples

Examples of questions and calculations feature full workings and sample answers.
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Activities and Core practicals

These practical-based activities will help consolidate your learning and test your practical skills. Edexcel’s Core practicals are clearly highlighted.

In this edition the authors describe many important experimental procedures to conform to recent changes in the A level curriculum. Teachers should be aware that, although there is enough information to inform students of techniques and many observations for exam purposes, there is not enough information for teachers to replicate the experiments themselves, or with students, without recourse to CLEAPSS Hazcards or Laboratory worksheets which have undergone a risk assessment procedure.
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Exam practice questions

You will find Exam practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and are colour coded to highlight the level of difficulty. Test your understanding even further with Maths questions and Stretch and challenge questions.
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Dedicated chapters for developing your Maths and Preparing for your exam are also included in this book.


Introduction

This book is an extensively revised, restructured and updated version of Edexcel Chemistry for AS by Graham Hill and Andrew Hunt. We have relied heavily on the contribution that Graham Hill made to the original book and are most grateful that he has encouraged us to build on his work. The team at Hodder Education, led initially by Hanneke Remsing and then by Emma Braithwaite, has made an extremely valuable contribution to the development of the book and the website resources. In particular, we would like to thank Abigail Woodman, the project manager, for her expert advice and encouragement. We are also grateful for the skilful work on the print and electronic resources by Anne Trevillion.

We have grouped each set of ‘Exam practice’ questions broadly by difficulty. In general, a question with • is straightforward and based directly on the information, ideas and methods described in the chapter. Each problem-solving part of the question typically only involves one step in the argument or calculation. A question with • is a more demanding, but still structured, question involving the application of ideas and methods to solve a problem with the help of data or information from this chapter or elsewhere. Arguments and calculations typically involve more than one step. The questions marked by • are hard and they may well expect you to bring together ideas from different areas of the subject. In these harder questions you may have to structure an argument or work out the steps required to solve a problem. In the earlier chapters, you may well decide not attempt the questions with • until you have gained wider experience and knowledge of the subject.

Practical work is of particular importance in A Level chemistry. Each of the Core Practicals in the specification features in the main chapters of this book with an outline of the procedure and data for you to analyse and interpret. Throughout the text there are references to Practical skills sheets which can be accessed via www.hoddereducation.co.uk/EdexcelAChemistry1. Sheets 1 to 3 provide general guidance, and the remainder provide more detailed guidance for the Core Practicals.


  1 Practical skills for advanced chemistry

  2 Assessing hazards and risks

  3 Researching and referencing

  4 Making measurements

  5 Identifying errors and estimating uncertainties

  6 Measuring chemical amounts by titration

  7 Analysing inorganic unknowns

  8 Synthesising organic liquids

  9 Analysing organic unknowns

10 Measuring enthalpy changes



You will need to refer to the Edexcel Data booklet when answering some of the questions in this book. This will help you to become familiar with the booklet. This is important because you will need to use the booklet to find information when answering some questions in the examinations. You can download the Data booklet from the Edexcel website. It is part of the specification. The booklet includes the version of the periodic table that you use in the examinations.

Andrew Hunt and Graham Curtis

August 2014


Prior knowledge

1 Working like a chemist

Chemistry is about understanding the material world. Chemists develop their explanations by observing the properties of substances and looking at patterns of behaviour (Figure 1). They devise theories and models that can be used in chemical analysis and synthesis.


[image: ]


Figure 1 Aspirin is probably the commonest medicine in use. The bark of willow trees was used to ease pain for more than 2000 years. Early in the twentieth century, chemists extracted the active ingredient from willow bark. Their understanding of patterns in the behaviour of similar compounds enabled them to synthesise aspirin.
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Tip

This first chapter surveys the main themes of chemistry and indicates how you will be learning more about chemistry during your A Level course. The chapters in this book build on what you already know about chemistry. The text and ‘Test yourself’ questions in the early part of each chapter can help you to check on what you have learned before and what you need to understand at the start of each topic.
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Looking for patterns in chemical behaviour

Part of being a chemist involves getting a feel for the way in which chemicals behave. Chemists get to know chemicals just as people get to know their friends and family. They look for patterns in behaviour and recognise that some of the patterns are familiar. For example, the elements sodium and potassium are both soft and stored under oil because they react so readily with air and water; copper sulfate is blue, like other copper compounds. By understanding patterns, chemists can design and make plastics like polythene and medicines like aspirin.
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Test yourself

Remind yourself of some patterns in the ways that chemicals behave.


1   What happens when a more reactive metal (such as zinc) is added to a solution in water of a compound of a less reactive metal (such as copper sulfate)?

2   What forms at the negative electrode (cathode) during the electrolysis of a solution of a salt?

3   What happens on adding an acid (such as hydrochloric acid) to a carbonate (such as calcium carbonate)?

4   What do sodium chloride, sodium bromide and sodium iodide look like?
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Tip

The periodic table links together many of the key patterns of behaviour of elements. You will extend your knowledge of the periodic table in Chapter 1. You will also make a detailed study of patterns in the properties of the elements and compounds in some of the periodic table groups in Chapter 4.
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Discovering the composition and structure of materials

New materials exist only because chemists understand how atoms, ions and molecules are arranged in different materials, and about the forces which hold these particles together. Thanks to this knowledge, people can enjoy fibres that breathe but are waterproof, plastic ropes that are 20 times stronger than similar ropes of steel and metal alloys which can remember their shape.
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Tip

Theories of structure and bonding are key to understanding the properties of materials. You will extend your knowledge of these ideas when you study Chapter 2. Chapter 8 shows how measuring energy changes can provide evidence of the nature and strength of chemical bonds.
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Understanding the structure and bonding of materials is a central theme in modern chemistry. Fundamental to this is an understanding of how the atoms, molecules or ions are arranged in different states of matter (Figure 2).
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Figure 2 The arrangements of particles in solids, liquids and gases.

Explaining and controlling chemical changes

Four key questions are at the heart of many chemical investigations.


•  How much? – How much of the reactants is needed to make a product, how much of the product is produced, and how much energy is needed?

•  How fast? – How can a reaction be controlled so that it goes at the right speed: not too fast and not too slow?

•  How far? – Do the chemicals react completely, or does the reaction stop before all the reactants have turned into products? If it does, what can be done to get as big a yield as possible?

•  How do reactions occur? – Which bonds between atoms break and which new bonds form during a reaction?
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Tip

Chapters 5 and 8 show you how chemists answer the question ‘How much?’. The questions ‘How fast?’ and ‘How far?’ are the focus of Chapters 9 and 10. Understanding how reactions occur is a feature of organic chemistry and so the study of reaction mechanisms is explored in the three parts of Chapter 6.
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Developing new techniques and skills

Chemistry involves doing things as well as gaining knowledge and understanding about materials. Chemists use their thinking skills and practical skills to solve problems. One of the frontiers of today’s chemistry involves nanotechnology, in which chemists work with particles as small as individual atoms (Figure 3).
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Figure 3 In the 1990s, two scientists working for IBM cooled a nickel surface to −269 °C in a vacuum chamber. Then they introduced a tiny amount of xenon so that some of the xenon atoms stuck to the nickel surface. Using a special instrument called a scanning tunnelling microscope, the scientists were able to move individual xenon atoms around on the nickel surface and construct the IBM logo. Each blue blob is the image of a single xenon atom.

Increasingly, chemists rely on modern instruments to explore structures and chemical changes. They also use information technology to store data, search for information and to publish their findings.

Analysis and synthesis

A vital task for chemists is to analyse materials and find out what they are made of. When chemists have analysed a substance, they use symbols and formulae to show the elements it contains. Symbols are used to represent the atoms in elements; formulae are used to represent the ions and molecules in compounds.

Analysis is involved in checking that water is safe to drink and that food has not been contaminated. People may worry about pollution of the environment, but without chemical analysis they would not know about the causes or the scale of any pollution.

Chemists have devised many ingenious methods of analysis. Spectroscopy is especially important. At ﬁrst spectroscopists just used visible light, but now they have found that they can ﬁnd out much more by using other kinds of radiation such as ultraviolet and infrared rays, radiowaves and microwaves.
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Tip

You will be developing your practical skills and understanding of practical chemistry during your A Level course. Most chapters in this book include activities and core practicals with results and data to analyse. General guidance on practical work can be accessed by following the instructions on page 312.
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Chemistry is also about making things. Chemists take simple chemicals and join them together to make new substances. This is synthesis. On a large scale, the chemical industry converts raw materials from the earth, sea and air into valuable new products. A well-known example is the Haber process which uses natural gas and air to make ammonia. Ammonia is the chemical needed to make fertilisers, dyes and explosives. On a smaller scale, chemical reactions produce the specialist chemicals used for perfumes, dyes and medicines.

Linking theories and experiments

Scientists test their theories by doing experiments. In chemistry, experiments often begin with careful observation of what happens as chemicals react and change. Theories are more likely to be accepted if predictions made from them turn out to be correct when tested by experiment.
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Tip

Chapter 7 includes an account of some of the modern instrumental techniques used by chemists. Organic reactions that are important in synthesis feature in all parts of Chapter 6. The study of synthesis is a key feature of the organic chemistry in the second half of your A Level course.

[image: ]



One of the reasons why Mendeléev’s periodic table was so successful was because he left gaps in his table for elements that had not yet been discovered and then made predictions about the properties of missing elements that turned out to be accurate (Table 1).

Table 1 Mendeléev’s predictions for germanium in 1871 and the properties it was found to have after its discovery in 1886.



	Mendeléev’s predictions in 1871

	Actual properties in 1886




	Grey metal

	Pale grey metal




	Density 5.5 g cm−3

	Density 5.35 g cm−3




	Relative atomic mass 73.4

	Relative atomic mass 72.6




	Melting point 800 °C

	Melting point 937 °C




	Formula of oxide GeO2

	Ge forms GeO2





Studying chemistry is more than about ‘what we know’. It is also about ‘how we know’. For example, the study of atomic structure has provided evidence about the nature and properties of electrons, and this has led to an explanation of the properties of elements and the patterns in the periodic table in terms of the electron structures of atoms.
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Tip

Chemistry is a quantitative subject which involves a variety of types of calculation. You will find many worked examples in the chapters of this book that will help you to solve quantitative problems. The key mathematical ideas and techniques involved are described in Appendix A1.
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2 Elements

Everything is made of elements. Elements are the simplest chemical substances which cannot be decomposed into simpler chemicals by heating or using electricity. There are over 100 elements, but from their studies of the stars, astronomers believe that about 90% of the Universe consists of just one element, hydrogen. Another 9% is accounted for by helium, leaving only 1% for all the other elements.

Metals and non-metals

Most of the elements, nearly 90 of them, are metals. It is usually easy to recognise a metal by its properties. Most metals are shiny, strong, bendable and good conductors of electricity (Figure 4).

There are only 22 non-metal elements: this includes a few which are solid at room temperature, such as carbon and sulfur, several gases, such as hydrogen, oxygen, nitrogen and chlorine, and just one liquid, bromine (Figure 5).
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Figure 4 Samples of metals: from left to right, copper, zinc, lead and silver.
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Figure 5 Samples of non-metals: sulfur, bromine, phosphorus (behind), carbon and iodine (in front).

Atoms of elements

Each element has its own kind of atom. An atom is the smallest particle of an element. Atoms consist of protons, neutrons and electrons. Every atom has a tiny nucleus surrounded by a cloud of electrons (Figure 6).
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Figure 6 Diagram of an atom showing a nucleus surrounded by a cloud of electrons. This is not to scale. In reality the diameter of an atom is about 100 000 times bigger than the diameter of its nucleus.
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Tip

You will learn more about the properties of metal and non-metal elements in Chapter 4.
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The mass of an atom is concentrated in the nucleus which consists of protons and neutrons. The protons are positively charged and the neutrons uncharged. All the atoms of a particular element have the same number of protons in the nucleus.

The electrons are negatively charged. The mass of an electron is so small that it can often be ignored. In an atom the number of electrons equals the number of protons in the nucleus. So the total negative charge equals the total positive charge and overall the atom is uncharged.
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Test yourself


5   Give examples of substances which can be split into elements by heating or by using an electric current (electrolysis).

6   Draw up a table to compare metal elements with non-metal elements using the following headings: Property; Metal; Non-metal.
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3 Compounds

Compounds form when two or more elements combine. Apart from the atoms of the elements helium and neon, all elements can combine with other elements.
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Tip

You will learn more about atomic structure in Chapter 1.

[image: ]



In order to explain the properties of compounds, chemists need to find out how the atoms, molecules or ions are arranged (the structure) and what holds them together (the bonding).

Compounds of non-metals with non-metals

Water, carbon dioxide, methane in natural gas, sugar and ethanol (‘alcohol’) are examples of compounds of two or more non-metals. These compounds of non-metals have molecular structures.

The covalent bonds between the atoms in molecules are strong but the attractive forces between molecules are weak. This means that molecular compounds melt and vaporise easily. They may be gases, liquids or solids at room temperature and they do not conduct electricity.

Methane contains one carbon atom bonded to four hydrogen atoms. The formula of the molecule is CH4. Figure 7 shows three ways of representing a methane molecule.
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Figure 7 Ways of representing a molecule of methane.

Chemists have to analyse compounds to find their formulae. The results of analysis give an empirical (experimental) formula. This shows the simplest whole number ratio of the atoms of different elements in a compound, for example CH4 for methane and CH3 for ethane.

More information is needed to work out the molecular formula of a compound showing the numbers of atoms of the different elements in one molecule of the compound. For example, CH4 is the molecular formula of methane but C2H6 is the molecular formula of ethane.
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Tip

You will learn more about how chemists determine the formulae of compounds in Sections 5.2 and 5.3.
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It is often possible to write the formula of non-metal compounds given how many covalent bonds the atoms normally form (Table 2).

Table 2 Symbols, number of bonds and colour codes of some non-metals.
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Water is a compound of oxygen and hydrogen. Oxygen atoms form two bonds and hydrogen atoms form one bond. So two hydrogen atoms can bond to one oxygen atom (Figure 8) and the formula of water is H2O.
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Figure 8 Ways of representing a molecule of water.

There are double and even triple bonds between the atoms in some non-metal compounds (Figure 9). Notice also that there is a colour code for the atoms of different elements in molecular models – these colours are shown in Table 2.
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Figure 9 Bonding in carbon dioxide showing the double bonds between atoms.

In practice, it is not possible to predict the formulae of all non-metal compounds. For example, the simplified bonding rules in Table 2 cannot account for the formulae of carbon monoxide, CO, sulfur dioxide, SO2, or sulfur hexafluoride, SF6.

There are some compounds made up of non-metal elements in which the covalent bonding links all the atoms in a crystal together in a giant lattice. Silicon dioxide, SiO2, is an important example which is found in many igneous rocks (Figure 10). Compounds with covalent giant structures are hard and melt at high temperatures.
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Figure 10 Quartz crystal from Sentis, Switzerland. Quartz is one of the commonest minerals of the Earth’s crust. It consists of silicon dioxide, SiO2.
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Test yourself


7   Draw the various ways of representing the following molecular compounds in the style of Figure 7:




     a) hydrogen chloride

     b) carbon disulfide.




8   Name the elements present and work out the formula of the following molecular compounds:




     a) hydrogen sulfide

     b) dichlorine oxide

     c) ammonia (hydrogen nitride).
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Tip

You will learn more about the bonding in compounds of non-metals with non-metals in Chapter 2.
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Compounds of metals with non-metals

Common salt (sodium chloride), limestone (calcium carbonate) and copper sulfate are all examples of compounds of metals with non-metals. These metal/non-metal compounds consist of a giant structure of ions. An ion is an atom, or a group of atoms, which has become electrically charged by the loss or gain of one or more electrons. Generally metal atoms form positive ions by losing electrons while non-metal atoms form negative ions by gaining electrons. For example, sodium chloride consists of positive sodium ions, Na+, and negative chloride ions, Cl− (Figure 11).
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Figure 11 A space-filling model and a ball-and-stick model showing the giant structure of sodium chloride.

The strong ionic bonding between the ions means that such compounds melt at much higher temperatures than the molecular compounds of non-metals. They are solids at room temperature. They conduct electricity as molten liquids but not as solids. Metal/non-metal compounds conduct electricity when heated above their melting points because the ions are free to move in the liquid state.

The formula of sodium chloride is NaCl because the positive charge on one Na+ ion is balanced by the negative charge on one Cl− ion. In a crystal of sodium chloride there are equal numbers of sodium ions and chloride ions.

The formulae of all metal/non-metal (ionic) compounds can be worked out by balancing the charges on positive and negative ions. For example, the formula of potassium oxide is K2O. Here, two K+ ions balance the charge on one O2− ion.

Elements such as iron, which have two different ions (Fe2+ and Fe3+), have two sets of compounds – iron(II) compounds such as iron(II) chloride, FeCl2, and iron(III) compounds such as iron(III) chloride, FeCl3.

Table 3 The names and formulae of some ionic compounds.



	Name of compound

	Ions present

	Formula




	Magnesium nitrate

	Mg2+ and NO3−

	Mg(NO3)2




	Aluminium hydroxide

	Al3+ and OH−

	Al(OH)3




	Zinc bromide

	Zn2+ and Br−

	ZnBr2




	Lead(II) nitrate

	Pb2+ and NO3−

	Pb(NO3)2




	Calcium iodide

	Ca2+ and I−

	CaI2




	Copper(II) carbonate

	Cu2+ and CO32−

	CuCO3




	Silver sulfate

	Ag+ and SO42−

	Ag2SO4





Table 3 shows the names and formulae of some ionic compounds. Notice that the formula of magnesium nitrate is Mg(NO3)2. The brackets round NO3− show that it is a single unit containing one nitrogen and three oxygen atoms bonded together with a 1− charge. Other ions, such as OH−, SO42− and CO32−, must also be treated as single units and put in brackets when there are two or three of them in a formula.
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Tip

You will learn more about ionic crystals and ionic bonding in Chapter 2.
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Test yourself


9   This question concerns the substances ice, salt, sugar, copper, steel and limestone.

     Which of these substances contain:




     a) uncombined atoms

     b) ions

     c) molecules?




10 The structure of the main constituent in antifreeze is:
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     What is:




     a) its molecular formula

     b) its empirical formula?




11 The formula of aluminium hydroxide must be written as Al(OH)3. Why is AlOH3 wrong?

12 Write the formulae of the following ionic compounds given these charges on ions: Al3+, Fe2+, Fe3+, K+, Pb2+, Zn2+, CO32−, O2−, OH−, SO42−:




     a) potassium sulfate

     b) aluminium oxide

     c) lead carbonate

     d) zinc hydroxide

     e) iron(III) sulfate.




13 Which of the following compounds consist of molecules and which consist of ions?




     a) octane (C8H18) in petrol

     b) copper(I) oxide

     c) concentrated sulfuric acid

     d) lithium fluoride

     e) phosphorus trichloride




14 Compare non-metal (molecular) compounds with metal/non-metal (ionic) compounds in:




     a) melting temperatures and boiling temperatures

     b) conduction of electricity as liquids.
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4 Chemical changes

Burning, rusting and fermentation are all examples of chemical reactions. Under the right conditions, chemical bonds break and new ones form. This is what happens during a chemical reaction to create new chemicals.

Figure 12 shows a simple way of demonstrating that when hydrogen burns the product is water. Hydrogen and oxygen (in the air) are both gases at room temperature. When the gases react the changes give out so much energy that there is a flame. Water condenses on cooling the steam that forms in the flame.
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Figure 12 Demonstration that burning hydrogen produces water.

One way of describing what happens during a reaction is to write a word equation. Writing word equations identifies the reactants (on the left) and products (on the right), so it is a useful first step towards a balanced equation with symbols.

When hydrogen burns:

[image: ]

When they are looking at this change, chemists imagine what is happening to the molecules. The trick is to interpret the visible changes in terms of theories about atoms and bonding. Models help to make the connection.

The hydrogen molecules and oxygen molecules consist of pairs of atoms. They are diatomic molecules. Figure 13 shows how molecular models give a picture of the reaction at an atomic level.
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Figure 13 Model equation to show hydrogen reacting with oxygen.

The formula of water is H2O. Each water molecule contains only one oxygen atom. So one oxygen molecule can give rise to two water molecules, provided that there are two hydrogen molecules available to supply all the hydrogen atoms necessary.

There is the same number of atoms on both sides of the equation. The atoms have simply been rearranged.

Chemists normally use symbols rather than models to describe reactions. Symbols are much easier to write or type. State symbols added to a symbol equation show whether the substances are solid, liquid, gases or dissolved in water.
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Modelling is increasingly important in modern chemistry but now the modelling is usually carried out with computers. In 2013 the Nobel prize for chemistry was awarded to Martin Karplus, Michael Levitt and Arieh Warshel whose work, in the 1970s, laid the foundation for the powerful computer modelling programs that are used to understand and predict chemical processes.
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Tip

You will learn more about writing equations for chemical reactions in Sections 3.2 and 4.1.
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Test yourself


15 a) Write a balanced symbol equation for the reaction of methane, CH4, with oxygen.

     b) Draw a diagram, similar to that shown in Figure 13, to show what happens when methane burns in oxygen.




16 Write balanced equations, with state symbols, for the following word equations:




     a) hydrogen + chlorine → hydrogen chloride

     b) zinc + hydrochloric acid (HCl) → zinc chloride + hydrogen

     c) ethane + oxygen → carbon dioxide + water

     d) iron + chlorine → iron(III) chloride.
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5 Acids, bases, alkalis and salts

Acids

Pure acids may be solids (such as citric, Figure 14, and tartaric acids), liquids (such as sulfuric, nitric and ethanoic acids) or gases (such as hydrogen chloride which becomes hydrochloric acid when it dissolves in water). All these acids are compounds with characteristic properties:


•  they form solutions in water with a pH below 7

•  they change the colour of indicators such as litmus

•  they react with metals above hydrogen in the reactivity series forming hydrogen plus an ionic metal compound called a salt
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Figure 14 Crystals of the solid acid citric acid. This acid was first obtained as a pure compound in 1784 when it was crystallised from lemon juice.


•  they react with metal oxides and metal hydroxides to form salts and water
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•  they react with carbonates to form salts, carbon dioxide and water
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Bases and alkalis

Bases are ‘anti-acids’. They are the chemical opposites of acids. Alkalis are bases which dissolve in water. The common laboratory alkalis are sodium hydroxide, potassium hydroxide, calcium hydroxide and ammonia. Alkalis form solutions with a pH above 7, so they change the colours of acid–base indicators. Alkalis are useful because they neutralise acids.

Manufacturers produce powerful oven and drain cleaners containing sodium hydroxide or potassium hydroxide because they can break down and remove greasy dirt. These strong alkalis are highly ‘caustic’. They attack skin, producing a chemical burn. Even dilute solutions of these alkalis can be hazardous, especially if they get into your eyes (Section 4.3).
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Test yourself


17 Write full balanced equations for the reactions of hydrochloric acid with:




     a) zinc

     b) calcium oxide

     c) potassium hydroxide

     d) nickel(II) carbonate.
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Salts

Salts are ionic compounds formed when an acid reacts with a base. In the formula of a salt, the hydrogen of an acid is replaced by a metal ion. For example, magnesium sulfate, MgSO4, is a salt of sulfuric acid, H2SO4.

Salts can be regarded as having two ‘parents’. They are related to a parent acid and to a parent base. Hydrochloric acid, for example, gives rise to the salts called chlorides, such as sodium chloride, calcium chloride and ammonium chloride. The base sodium hydroxide gives rise to sodium salts, such as sodium chloride, sodium sulfate and sodium nitrate.

Neutralisation is not the only way to make a salt. Some metal chlorides, for example, are made by heating metals in a stream of chlorine. This is useful for making anhydrous chlorides, such as aluminium chloride.
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Test yourself


18 Name the salts formed from these pairs of acids and bases:




     a) nitric acid and potassium hydroxide

     b) hydrochloric acid and calcium hydroxide

     c) sulfuric acid and copper(II) oxide

     d) ethanoic acid and sodium hydroxide.
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