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Introduction

About this book

This textbook covers the first year of the Edexcel GCE Chemistry specification and all content for the AS GCE Chemistry specification. The order of topics follows that of the specification, but it need not be taught in this order.

All the organic chemistry is grouped together in Chapters 10 and 11. Chapter 16 is designed to help you prepare generally for the AS and A level papers and especially for answering practical-based questions.

Margin comments are provided throughout the book. These comprise valuable reminders and snippets of information, and include tips that clarify what you need to know and common sources of confusion.

This book is not a guide to the practical chemistry that all AS students will study. However, many of the reactions that will be met in the laboratory are detailed throughout the book.

At the back of the book (page 314), there is a periodic table that gives relative atomic masses to one decimal place. This should be referred to for atomic numbers, atomic masses and symbols of the elements. The table is similar to the one printed on the back of the examination papers.

Online resources

Each chapter includes ‘Test yourself’ questions. The answers to these are available at https://www.hoddereducation.co.uk/FacerChemistry1. At the end of every chapter are a number of practice questions, including some typical exam-style questions. Questions marked with a purple bullet point are designed to challenge students in their thinking. Answers to the end-of-chapter questions are available as part of George Facer’s Edexcel A Level Chemistry Teaching and Learning Resources. Go to www.hoddereducation.co.uk/dynamiclearning to sign up for a free trial. A practice exam-style AS paper and multiple-choice tests to print off for students to complete are also available.

Required previous knowledge and skills

It is assumed that all AS chemistry students will have covered at least double award science to GCSE level. All students should be:


•  familiar with the use of a calculator

•  able to change the subject of an algebraic equation

•  able to draw straight-line and curved graphs from supplied data and to extrapolate graphs

•  confident in the use of scientific (standard) notation, e.g. that the number 1234 can be written as 1.234 × 103 and that 1.234 × 10−3 is the same as 0.001234



Scheme of assessment

Assessment objectives

There are three assessment objectives tested at AS and A level:


•  AO1 Knowledge and understanding of scientific ideas, processes, techniques and procedures — 32% of the AS mark.

•  AO2 Application of knowledge and understanding of scientific ideas, processes, techniques and procedures — 43% of the AS mark.

•  AO3 Analysis, interpretation and evaluation of evidence and information to reach conclusions or to develop practical designs and procedures — 25% of the AS mark.



The AS exam

The AS exam consists of two papers and a statement by the centre that the candidate has performed a number of practical experiments. Both papers are worth 80 marks each and must be completed in 1 hour 30 minutes. There will typically be 10 questions ranging from 4 to 15 marks each, including a few multiple-choice questions. In both papers between 20% and 25% of the marks will be awarded for the recall, evaluation and understanding of experimental methods. There is no internal assessment of practical skills that counts towards the candidate’s final grade.

Paper 1 consists of questions on physical and inorganic chemistry, specifically:


•  atomic structure and the periodic table

•  formulae, equations and amounts of substances, including acid–base titrations

•  bonding, structure and intermolecular forces

•  redox

•  groups 2 and 7

•  practical aspects



Paper 2 consists of questions on physical and organic chemistry, specifically:


•  formulae, equations and amounts of substances

•  bonding, structure and intermolecular forces of organic molecules

•  organic chemistry

•  energetics

•  kinetics

•  equilibrium

•  practical aspects



Hazard and risk

This book is not a laboratory manual. All experiments described in this book should be risk assessed by a qualified chemistry teacher before being performed either as a demonstration or as a class practical. Safety goggles and a laboratory coat or apron must be worn in all experiments. Certain hazards are described in some of the experiments described in the book.


1 Fundamental concepts

Chemistry is the study of matter and the changes that can be made to matter.

The term ‘matter’ means anything that has mass and takes up space. This includes metals, plastics and fertilisers, but not light or magnetism, or abstract ideas such as health or beauty.

Chemistry is concerned with the properties of matter — what happens when it is heated, when it is mixed with other substances, when electricity is passed through it — and the reasons for the changes that occur in the different circumstances.

Substances have two types of property:


•  Physical properties are those that can be observed without changing the identity of the substance, for example by melting, compressing, magnetising or bending the substance. At the end of a physical change, the substance is still there, in a different shape or state. The physical states are solid, liquid and gas:




    – A solid has a fixed volume (at a given temperature) and shape.

    – A liquid flows and takes the shape of the part of the container that it fills. It has a fixed volume at a given temperature.

    – A gas completely fills the container in which it is placed. It can easily be compressed to fit in a container of a smaller volume.




•   Chemical properties are those that are observed when the substance changes its identity, for example on the addition of acid or on burning in air. After a chemical change (chemical reaction) has taken place, one or more new substances are formed. Each substance has its own unique chemical properties.
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Elements
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Key terms

An element is a substance that cannot be broken down into two or more different substances.

An atom is the smallest uncharged particle of an element.

A compound is made of two or more elements chemically joined together.

[image: ]




[image: ]

Elements are the building blocks from which all compounds are made.
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The ancient Greeks thought that all matter was made from four elements — fire, earth, air and water. As scientists began to experiment and apply scientific method to analysing results, this idea was gradually abandoned. The big step forward came in 1869 when Dmitri Mendeléev arranged the elements in order of atomic mass and produced a periodic table similar to that in use today.

One hundred and fourteen elements have been positively identified, although only 90 occur naturally on Earth. The others have either been made in nuclear reactors and particle accelerators, or have been found in the debris from a nuclear explosion. Livermorium and flerovium are the latest to have been made.

All the elements originally came from the stars. Inside a star, including our Sun, hydrogen atoms are converted into atoms of other elements by nuclear fusion. A small amount of mass is lost and this is turned into energy — the sunlight and starlight that we can see.

The creation of elements from hydrogen in the stars is taking place continually. However, as a star ages, its outer layer begins to collapse, which causes the temperature of the star to increase further. Some of the atoms of elements already created fuse together and form still heavier atoms, such as uranium, lead and gold. The temperature increase causes a huge explosion and the outer layers are thrown into space. This is what happens in a supernova. The debris from supernovae will eventually condense under the gravity of another star and form planets. Thus the elements formed in the stars form the rocks, the seas and even our own bodies (Table 1.1).
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Table 1.1 The abundance by mass of the most common elements in the Earth’s crust and in the human body



	Earth’s crust



	Rank
	Element
	% by mass



	1st
	Oxygen
	49.5



	2nd
	Silicon
	25.7



	3rd
	Aluminium
	7.5



	4th
	Iron
	4.7



	5th
	Calcium
	3.4



	6th
	Sodium
	2.6



	7th
	Potassium
	2.4



	8th
	Magnesium
	1.9



	9th
	Hydrogen
	0.88



	10th
	Titanium
	0.58



	11th
	Chlorine
	0.19



	12th
	Phosphorus
	0.12






	Human body



	Rank
	Element
	% by mass



	1st
	Oxygen
	65



	2nd
	Carbon
	18



	3rd
	Hydrogen
	10



	4th
	Nitrogen
	3



	5th
	Calcium
	1.5



	6th
	Phosphorus
	1.2



	7th
	Potassium
	0.2



	8th
	Sulfur
	0.2



	9th
	Chlorine
	0.2



	10th
	Sodium
	0.1



	11th
	Magnesium
	0.05



	12th
	Iron
	0.04




The periodic table

The modern form of the periodic table has the elements arranged in atomic number order (in order of the number of protons in the nucleus).

It is shown in Table 1.2 and also, in more detail, at the back of this book (page 314). It is printed on the back page of the question booklet in all AS and A-level examinations.
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•  The vertical columns are called groups. Numbers in brown are the group numbers.

•  The elements in a group, such as in groups 1, 2 or 7, show similar, but steadily changing, physical and chemical properties. In group 7, for example, fluorine and chlorine are gases, bromine is a liquid and iodine is a solid. All four react with hydrogen to form acids.

•  The horizontal rows are called periods. Numbers in violet are the period numbers.

•  The elements in a period change from metals on the left to non-metals on the right. The noble gases are in group 0 (sometimes called group 8).




    – The elements in red are metals.

    – The elements in green are metalloids (semi-metals).

    – The elements in blue are non-metals.
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Tip

You need to know the names and symbols of at least the first 20 elements (hydrogen to calcium). You must also know to which group each belongs.
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Test yourself


1   Identify the element in group 5 and period 3 of the periodic table.

2   Name two elements that are liquids at room temperature.
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Important points about the periodic table

Metals

The metals are on the left and in the middle of the table.

The physical properties of metals are that:


•  they conduct electricity when solid and when liquid

•  they are malleable and ductile

•  apart from mercury, they are all solids at room temperature



The chemical properties of metals are that:


•  they form positive ions (cations) in their compounds; for example, sodium forms Na+ ions and magnesium forms Mg2+ ions

•  the more reactive metals react with an acid to give a salt and hydrogen; for example, magnesium reacts with dilute sulfuric acid to form magnesium sulfate and hydrogen gas

•  the most reactive metals react with water to give a hydroxide and hydrogen; for example, sodium reacts with water to form sodium hydroxide and hydrogen gas

•  they react with cations of less reactive metals in displacement reactions; for example, zinc reacts with a solution of copper sulfate to form zinc sulfate and a residue of copper metal

•  they become more reactive down a group in the periodic table; for example, potassium is more reactive than sodium

•  their oxides and hydroxides are bases; for example, magnesium oxide is a base and reacts with nitric acid to form magnesium nitrate and water
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Test yourself


3   Identify the most reactive metal in group 2 of the periodic table.
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Non-metals

Non-metals are on the right of the table.

The chemical properties of non-metals are that:


•  they form negatively charged ions (anions) in many compounds with metals; for example, chlorine forms Cl− ions and oxygen forms O2− ions

•  they form covalent bonds with other non-metals

•  apart from in group 0, they become more reactive up a group in the periodic table; for example, chlorine is more reactive than bromine, which is more reactive than iodine

•  their oxides are acidic, reacting with water to form a solution of an acid; for example, sulfur dioxide reacts with water to form sulfurous acid, H2SO3, which ionises to form H+(aq) ions, making the solution acidic
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Organic chemistry is about compounds in which carbon is covalently bonded to other carbon atoms, and to other elements such as hydrogen, oxygen and nitrogen.
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Metalloids

Between the metals and non-metals there are some elements that do not fit easily into either category. These elements are called semi-metals or metalloids. The properties of metalloids are that:


•  they do not form ions

•  they are semiconductors of electricity, particularly when a small amount of impurity is added

•  their oxides are weakly acidic; for example, silicon dioxide reacts with the strong alkali sodium hydroxide to form sodium silicate
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Force and energy

Force

There are four types of force:


•  strong nuclear

•  weak nuclear

•  gravitational

•  electromagnetic



Strong and weak nuclear forces are only important inside the nucleus of an atom. Gravitational forces are so weak that they are only effective if at least one of the objects is astronomically large, such as the Sun or the Earth. The only forces that affect chemistry are the electromagnetic forces.

A positively charged object attracts a negatively charged object; there is a force of repulsion between two objects that have the same charge.
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Tip

Remember this as ‘unlike charges attract; like charges repel’.
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The strength of the force depends on:


•  the size of the charges — the bigger the charges, the stronger is the force acting between them

•  the distance between the centres of the two objects — the smaller the distance between the centres, the stronger is the force between them



In chemistry, the most common charged particles are ions.


•  A cation is an atom or group of atoms that has lost one or more electrons and so is positively charged. Metals form cations. Na+ and Mg2+ are examples.

•  An anion is an atom or group of atoms that has gained one or more electrons and so is negatively charged. Non-metals form anions. Cl−, OH− and O2− are examples.
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Key term

An ion is a charged atom or group of atoms.
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Energy

If there is a force of attraction between two particles, energy has to be supplied to separate them. The amount of energy required depends on the strength of the force between the particles, which in turn depends on the size of the charges and how close the two centres are. This means that more energy is required to separate small, highly charged ions than less highly charged or bigger ions.

Conversely, if two oppositely charged particles are brought closer together, energy is released.

Energy can neither be created nor destroyed. However, one type of energy can be converted into other types.
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The unit of energy is the joule, J. However, this is so small that chemists normally use the kilojoule, kJ.
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In an exothermic reaction, chemical energy is converted to heat energy. This means that the temperature increases as heat is produced. The combustion of petrol is an example of an exothermic reaction.

If heat is absorbed, the chemical reaction is endothermic, and the temperature falls as heat energy is converted into chemical energy.

Chemical energy is measured as a quantity called enthalpy, H. In an exothermic reaction, chemical energy is lost as it is changed into heat energy. Therefore, the value for the change in enthalpy, ΔH, is negative. In an endothermic reaction, the value of ΔH is positive.
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The Greek letter Δ means a change, so ΔH means a change in the quantity H (enthalpy or chemical energy available as heat).
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Amount of substance

When we go shopping we buy cheese by weight, drinks by volume and cans of baked beans by number. Scientists measure substances by mass or volume.

Mass

The unit of mass normally used is the gram. However, other mass units, such as the kilogram, kg, milligram, mg, nanogram, ng, or tonne are sometimes used.

1 g = 1000 mg or 1 mg = 10−3 g

1 g = 1 000 000 000 ng or 1 ng = 10−9 g

1 kg = 1000 g

1 tonne = 1000 kg

Volume

The common units of volume are the cm3 and the bigger unit dm3 (also called the litre, l).

1 000 000 cm3 = 1 m3

1 cm3 = 0.001 dm3

1 dm3 = 1000 cm3
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Worked example 1

A liquid has a volume of 23.75 cm3. Convert this to a volume in dm3.

Answer

[image: ]
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Tip

Remember that a volume in cm3 converts into a much smaller value in dm3.
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Worked example 2

A gas has a volume of 24 dm3. Convert this into a volume in cm3.

Answer

volume = 24 × 1000 = 24 000 cm3
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Tip

Remember that a volume in dm3 converts into a much larger value in cm3.
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Test yourself


4  a) Convert 12 kg into grams.

    b) Convert 0.0234 g into milligrams (mg).
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The mole

Although substances are measured out according to their mass or volume, chemicals react by numbers of particles.

The equation for the formation of water from hydrogen and oxygen is:

2H2 + O2 → 2H2O

This means that hydrogen and oxygen react in the ratio of two molecules of hydrogen to one molecule of oxygen.

Atoms and molecules are so small that when two chemicals are mixed and react, billions and billions of molecules are involved.

The number of carbon-12 atoms in exactly 12 g of carbon-12 can be calculated as 6.02 × 1023. It is called the Avogadro constant and has the symbol, L or NA.
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Key term

Avogadro constant = 6.02 × 1023 mol−1
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The mass of one molecule of water is 2.99 × 10−23 g and in 1 g of water there are 3.34 × 1022 molecules, or 33 400 000 000 000 000 000 000 molecules. Counting in such large numbers is almost impossible. To get round this problem the concept of the mole was introduced. The mole is a very large number of particles. For example:


•  1 mol of sodium, Na, contains 6.02 × 1023 sodium atoms.

•  1 mol of water, H2O, contains 6.02 × 1023 water molecules and therefore 1.204 × 1024 hydrogen atoms.

•  1 mol of sodium chloride, Na+Cl−, contains 6.02 × 1023 pairs of Na+ and Cl− ions.
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Key term

1 mole is the amount of substance containing the Avogadro number of atoms, molecules or groups of ions.
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The symbol for the mole is mol.
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Chemicals react in a ratio by moles. The energy released in an exothermic reaction depends on the number of moles that react. Therefore, ΔH has units of kJ mol−1. An understanding of the mole is essential to AS and A-level chemistry.
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Test yourself


5   Calculate:




    a) the number of atoms in 1 mol of CO2

    b) the number of chloride ions in 1 mol of calcium chloride, CaCl2



(The Avogadro constant, NA = 6.02 × 1023 mol−1.)
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Mole ratios

Consider the equation:

H2SO4 + 2NaOH → Na2SO4 + 2H2O

Sulfuric acid and sodium hydroxide react in the molar ratio of 1:2. This means that 0.111 mol of sulfuric acid reacts with 0.222 mol of sodium hydroxide. The equation also shows that 0.111 mol of sodium sulfate and 0.222 mol of water are formed.

The mole concept is further developed in Chapter 8.
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Worked example 1

Calculate the number of moles of silver nitrate that react with 1.23 mol of sodium chloride, according to the equation:
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Answer
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Tip

Remember that the number of moles is a measure of the number of particles, and that mole ratios are found from the balanced chemical equation for the reaction.
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Worked example 2

Calculate the number of moles of hydrogen gas, H2, formed when 0.0246 mol of aluminium reacts with excess sulfuric acid, according to the equation:

[image: ]

Answer
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Questions


1   Identify the most reactive metal in group 2 of the periodic table.

2   An element X loses three electrons. What is the charge on the ion formed?

3   Convert 1.2 × 106 g into tonnes.

4   Convert 22.4 dm3 into a volume in cm3.

5   Convert a volume of 23.7 cm3 into a volume in dm3.

6   Nitrogen reacts with hydrogen to form ammonia, according to the equation:



N2 + 3H2 → 2NH3


    Calculate:




     a) the number of moles of nitrogen, N2, that react with 0.246 mol of hydrogen, H2

     b) the number of moles of ammonia produced




7   Nitric acid reacts with calcium hydroxide according to the equation:



Ca(OH)2 + 2HNO3 → Ca(NO3)2 + 2H2O


    Calculate the number of moles of calcium hydroxide that react with 0.0642 mol of nitric acid.
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