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HOW TO GET THE MOST FROM THIS BOOK


Welcome to the CCEA GCSE Chemistry Student Book.

This book covers all of the Foundation and Higher-tier content for the 2017 CCEA GCSE Chemistry specification.

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


Specification points

Check that you are covering all the required content for your course, with specification references and a brief overview of each chapter.
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Tip

These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Examples

Examples of questions and calculations that feature full workings and sample answers.
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Test yourself

These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Show you can

Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Practicals

These practical tasks contain full instructions on apparatus, method and results analysis and will help develop your practical skills.

CCEA’s prescribed practicals are clearly highlighted.
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Answers

Answers for all questions in this book can be found online at:

www.hoddereducation.co.uk/cceagcsechemistry
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Practice questions

You will find 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 have marks allocated to each question part.
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Level coding

If you are taking GCSE Double Award Foundation-tier you need to study only the material with no bars.

If you are taking GCSE Double Award Higher-tier you need to study the material no bars, plus: the material with the purple H bar and the material with the orange bar.
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If you are taking GCSE Chemistry Foundation-tier you need to study the material with no bars, plus: the material with the blue F bar and the material with the orange bar.
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If you are taking GCSE Chemistry Higher-tier you need to study all material in the book, including the material marked with a blue H bar.
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Unit 1

1 Atomic structure
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Specification points

This chapter covers specification points 1.1.1 to 1.1.13. It covers the structure of atoms and isotopes. Some aspects of maths – using decimal places – are referred to in terms of calculating the relative atomic masses of different atoms.
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How is an atom like a plum pudding? Just how small are atoms? And what’s inside them? In this chapter you will find the answers to these questions, and learn how to calculate the number of each type of particle found in an atom of different elements.


Ideas about the atom

In the fifth century a Greek philosopher developed the first idea of the atom – that it was the smallest possible particle. The word ‘atom’ comes from the Greek word atomos, which means ‘something that cannot be divided’.
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Since the fifth century, ideas about atoms have changed over time.
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One of the early models of an atom was the plum pudding model. This model suggested that the atom was a sphere of positive charge with negative electrons (plums) spread throughout it (Figure 1.1).
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Rutherford disproved the plum pudding model. He suggested that the atom had a positive nucleus at the centre and that electrons orbited this nucleus (Figure 1.2).
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James Chadwick discovered a new particle in the nucleus which had the same mass as a proton but no electric charge – he called it the neutron.
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Today’s model of an atom is a central positively charged nucleus containing protons and neutrons (containing most of the mass) which is surrounded by electrons, orbiting in shells (Figure 1.3).
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Figure 1.1 The plum pudding model
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Figure 1.2 Rutherford’s atom
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Figure 1.3 Today’s model of the atom




Protons, neutrons and electrons

An atom is the smallest particle of an element that can exist on its own in a stable environment. Each atom is made up of three types of particle: protons, neutrons and electrons. These are sometimes called subatomic particles. Table 1.1 shows the relative mass and relative charge of each particle, together with their position in the atom. The mass is given relative to the mass of a proton.
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Tip

Try to remember that protons are positive and neutrons are neutral, leaving electrons as negative.
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Calculating the number of protons, neutrons and electrons in an atom

Look at the section of the Periodic Table shown in Figure 1.4. You will notice that each element has two numbers. These are called the atomic number and the mass number. The atomic number is the number of protons in an atom. The number of protons determines the identity of an atom – for example, all atoms with 7 protons (atomic number 7) are nitrogen atoms. The atomic number also equals the number of electrons in an atom.


[image: ]

Figure 1.4 A section of the Periodic Table
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Tip

The nucleus is the central part of the atom containing protons and neutrons.
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The heavier part of the atom is the nucleus, which contains protons and neutrons. The mass number is the total number of protons and neutrons in an atom. For example, the mass number of oxygen is 16.
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Tip

The smaller of the two numbers given for each atom in the Periodic Table is the atomic number, and the larger number is the mass number, except for hydrogen where both numbers are the same!
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The number of protons, neutrons and electrons in any atom can be worked out using the atomic number and mass number.
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Tip

Note that the atomic number and mass number may not be given in the question. Use the Periodic Table in your data leaflet to locate the atom, and write down its mass and atomic number.
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Example

How many protons, neutrons and electrons are in each of the following atoms?


a)  [image: ]
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Answer: 11 protons, 11 electrons, 12 neutrons


b)  [image: ]
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Answer: 35 protons, 35 electrons, 45 neutrons


c) [image: ]
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Answer: 1 proton, 1 electron, 0 neutrons
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Tip

Note that hydrogen has no neutrons.
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Why are atoms electrically neutral?

An atom as a whole has no electrical charge because the number of protons is equal to the number of electrons.

For example, for the atom [image: ]:

[image: ]
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Test yourself
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1  Compare the plum pudding model with today’s model of an atom.

2  Who discovered the subatomic particle with no charge?

3  Why do you think the neutron was the last particle to be discovered?
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4  State three differences between an electron and a proton.

5  State two similarities between a neutron and a proton.

6  If an atom has 7 electrons, how many protons does it have?

7  Name the element that has:




    a)  4 protons

    b)  14 protons.




8  Explain why atoms are electrically neutral.

9  How many protons, neutrons and electrons are there in an atom of [image: ]?
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Show you can

Copy and complete the table for each of the elements listed.


[image: ]

[image: ]





Electronic configuration

Imagine a hockey team goes on tour with 13 players and stays at a hotel with two rooms on the ground floor, eight on the second and eight on the third. At the hotel, the manager assigns a room to each player using the rule that the rooms on each floor must be filled before a room on the next floor is allocated. As a result, 2 players have a room on the ground floor, 8 on the first and the remaining 3 on the second floor – 2,8,3 as shown in Figure 1.5. How would a netball team of 9 players be allocated?


[image: ]

Figure 1.5 It can be useful to think of the shells in an atom as floors in a hotel, with each person occupying each room on a floor as an electron occupies a position in a shell



In an atom, electrons are arranged in a similar fashion but in shells or energy levels rather than on floors. Electrons occupy the lowest energy levels first. The first shell (lowest energy level), which is closest to the nucleus and can hold up to two electrons, is filled first. The second shell, which can hold up to eight electrons, is filled next. The third shell can also hold up to eight electrons.
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Example

Draw and write the electronic configuration for a phosphorus atom.

Answer


•  First look at the Periodic Table and find the atomic number of phosphorus, this gives the number of protons, which is equal to the number of electrons.




    –  The atomic number is 15, so there are 15 electrons.




•  Then divide the electrons into the shells, filling each shell before moving to the next one.




    –  The first shell holds 2 electrons, this leaves 13 electrons.

    –  The second shell holds 8 electrons, this leaves 5 electrons.

    –  The third shell has 5 electrons.




•  To draw the electronic configuration, use a cross (×) or dot (•) to to represent the electrons as shown in Figure 1.6.

•  To write the electronic configuration, separate the numbers by commas.




    –  The electronic configuration of phosphorus is written as 2,8,5.




[image: ]

Figure 1.6 Drawn electronic configuration of phosphorus
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Tip

In an examination you may be asked to draw or write the electronic configuration, electronic structure or electronic arrangement for an atom – these three terms all mean the same thing.

[image: ]






[image: ]

Example

Draw and write the electronic configuration for a calcium atom.

Answer


•  First look at the Periodic Table and find the atomic number of calcium. This gives the number of protons, which is equal to the number of electrons.




    –  The atomic number is 20, so there are 20 electrons.




•  Divide the electrons into the shells, filling each shell before moving to the next one.




    –  The first shell holds 2 electrons, this leaves 18 electrons.

    –  The second shell holds 8 electrons, this leaves 10 electrons.

    –  The third shell has 8 electrons, this leaves 2 electrons.

    –  These two electrons are placed in the fourth shell.




•  To draw the electronic configuration, use × to represent the electrons as shown in Figure 1.7.

•  To write the electronic configuration, separate the numbers by commas.




    –  The electronic configuration of calcium is written as 2,8,8,2.




[image: ]

Figure 1.7 Electronic configuration of a calcium atom



Note that the electronic configuration of calcium is the most difficult one needed for GCSE.
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Diagrams of atoms

Table 1.2 shows the electronic configuration of a sodium and a neon atom. It also shows a labelled diagram of a sodium and a neon atom. Note the difference. If asked to draw a labelled diagram of an atom you must show the position and number of protons and neutrons in the nucleus of the atom, as well as the electronic configuration. It is best not to draw each individual proton and neutron, but simply to write the number present and show their position in the nucleus with an arrow.


[image: ]

Figure 1.8 The electronic configuration of hydrogen is written as 1. This is the simplest electronic configuration
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Test yourself


10  Write the electronic configuration of the following atoms: [image: ].

11  Draw the electronic configuration of chlorine and of argon.

12  Beryllium atoms contain 4 electrons and have the electronic structure 2,2. Explain why the electrons are not all in the first shell.

13  Draw a labelled diagram of an atom of:




      a)  nitrogen

      b)  potassium.
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Isotopes

Most elements have atoms which have different mass numbers, for example chlorine has atoms with mass numbers 35 and 37.

Table 1.3 shows that, due to the different mass numbers, the numbers of neutrons are different. These atoms of chlorine are called isotopes.


[image: ]


Isotopes are atoms of an element with the same atomic number but a different mass number, indicating a different number of neutrons.



[image: ]

Tip

You will learn in Chapter 2 that when elements react, bonds involving electrons form. All isotopes of an element react in the same way, as they have the same number of electrons in the outer shell.
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Show you can

Figure 1.9 shows an atom of an element X, where:

e represents an electron

n represents a neutron

p represents a proton.


[image: ]

Figure 1.9




1  Name the element X.

2  Write the electronic structure of X.

3  What is the mass number of this atom of element X?

4  Name the part of the atom shaded red.
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Hydrogen has three isotopes. Each atom of the isotope has the same atomic number (1), so each also has the same number of protons and electrons. However, each isotope has a different mass number (1, 2 and 3), and so the number of neutrons is different in each isotope. The isotopes of hydrogen are shown in Figure 1.10.


[image: ]

Figure 1.10 Isotopes of hydrogen
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Calculating relative atomic mass for elements

Most elements contain a mixture of isotopes, each present in a different amount. The term ‘weighted mean mass’ is used to take into account the contribution made by the isotope to the overall mass of an element. The contribution made by each isotope to the overall mass depends on:


•  the percentage abundance of the isotope – this gives the amount of each isotope present

•  the mass number of the isotope.



The contributions of all the isotopes are then combined to give the relative atomic mass. The relative atomic mass is a weighted mean of the mass numbers.
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Tip

Relative atomic mass is not the same as mass number. Mass numbers are whole numbers because they are the number of protons plus the number of neutrons. Relative atomic mass is an average mass which takes into account all of the isotopes and their abundance, and so is not always a whole number. However, on your data leaflet, apart from chlorine, the relative atomic masses have been rounded to whole numbers.
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Example

A sample of chlorine is found to contain 75% of atoms with mass number 35 and 25% of atoms with mass number 37. Calculate the relative atomic mass of chlorine to one decimal place.

Answer

[image: ]
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Sometimes in calculations you are asked to present your answer to one or two decimal places. Rounding a number to one decimal place means there is only one digit after the decimal point. Rounding a number to two decimal places means there are two digits after the decimal point.

The rules for rounding are:


•  if the next number is 5 or more, round up

•  if the next number is 4 or less, do not round up.



For example, 5.745 rounded to one decimal place is 5.7, because the next number is 4 so it is not rounded up. If 5.745 is rounded to two decimal places, because the next number is 5 it is rounded up to 5.75.


[image: ]

Figure 1.11 5.745 has three decimal places
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Example

A sample of copper contained 69% 63Cu and 31% 65Cu. Calculate the relative atomic mass of copper to one decimal place.

Answer

[image: ]
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Tip

Relative atomic mass is not a mass in grams, do not include units in your answer.
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Example

The table below shows the abundances of three isotopes of magnesium.
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Calculate the relative atomic mass of magnesium to one decimal place.

Answer

[image: ]
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Test yourself


14  Hydrogen has three isotopes 1H (protium), 2H (deuterium) and 3H (tritium). Calculate the number of protons, neutrons and electrons in each isotope of hydrogen.

15  State the similarities and differences between the isotopes 207Pb and 208Pb.
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16  A sample of bromine contains 53% bromine with mass number 79 and 47% bromine with mass number 81. Calculate the relative atomic mass of bromine and give your answer to one decimal place.

17  Calculate the relative atomic mass of silicon using the data in the table. Give your answer to one decimal place.
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The size of atoms

Atoms are very small and have a radius of about 0.1 nanometres (nm). Standard form is used to express very large or very small numbers so that they are more easily understood and managed. It is easier to say that an atom has a radius of 1.0 × 10−10 m than to say it has a radius of 0.0000000001 m.



[image: ]

Tip

The radius of an atom (or ion) is the distance between the centre of the nucleus and the electron furthest from the nucleus.
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Standard form must always look like this:


[image: ]

Figure 1.12 Standard form
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Tip

A nanometre is 10–9 m so 1 000 000 000 nm = 1 m.
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To convert 0.0000000001 to standard form, write the non-zero digits, with a decimal place after the first number and write × 10 after it:

[image: ]

Then count how many places the decimal point has moved and write this value as a −n value as 0.000000001 is less than 1

[image: ]
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Tip

Other units that can be used to record the radius of atoms are picometres (pm) and femtometres (fm).

1 picometre = 1 × 10–12 m

1 femtometre = 1 × 10–15 m.
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1 nanometre is 1 × 10–9 m.
An atom has a radius of 0.1 nm = 0.1 × 1 × 10–9 m = 1.0 × 10−10 m.

The radius of the nucleus of an atom is very tiny compared to the size of the atom as a whole. It is less than 1/10 000th of the size of the atom.

[image: ]

To get an idea of the difference in size, imagine that one atom occupies a football stadium. The nucleus would be the size of a marble placed in the centre of the pitch.


[image: ]

Figure 1.13 The size of the nucleus compared to the atom is like a marble compared to a football stadium
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Example

A copper atom has a radius of 128 pm. Estimate the radius of the nucleus of a copper atom in metres and nanometres.

Answer

The nuclear radius is less than 1/10 000 of the atomic radius.

128 × 10–12/10 000 = 1.28 × 10–14 m

To convert this to nm divide by 10–9 = 0.0000128 nm = 1.28 × 10−5 nm

The nuclear radius is less than 0.0000128 nm.

[image: ]
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Test yourself


18  Write the atomic radius of the following atoms, in metres, using standard form.




      a)  silicon 0.00000000011 m

      b)  aluminium 0.115 nm

      c)  bromine 0.000000000125 m

      d)  carbon 0.070 nm.




19  The radius of a hydrogen atom is 2.5 × 10−11 m. Write this in nanometres.

20  Sodium atoms have a radius of 0.183 nm. What is the approximate radius of a sodium nucleus? Give your answer in nanometres and metres.

21  What is the approximate radius of a copper atom?
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Ions

Many atoms react by losing or gaining electrons to form ions, which have a full outer shell.

An ion is a charged particle formed when an atom gains or loses electrons.

Ions are charged because the number of protons is different from the number of electrons.



[image: ]
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A negative ion is called an anion, for example Cl−.

A positive ion is called a cation, for example Na+.
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A sodium atom ([image: ]) has 11 electrons and electronic configuration 2,8,1. If the atom loses an electron, then the sodium ion formed has 10 electrons arranged 2,8. The ion formed has a positive charge as it has one more proton than electrons, as shown in Table 1.4.
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Tip

When writing the charge of an ion, there is no need to put in the digit 1. Also, the number comes before the sign.
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An aluminium atom ([image: ]) has 13 electrons arranged 2,8,3. If the atom loses three electrons, then the aluminium ion formed has 10 electrons arranged 2,8. The ion formed has a 3+ charge as it has three more protons than electrons.


[image: ]


An oxygen atom ([image: ]) has 8 electrons arranged 2,6. If the atom gains two electrons, then the oxide ion formed has 10 electrons arranged 2,8. The ion formed has a 2− charge, as it has two more electrons than protons.
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Tip

Note that negative ions formed from elements have the end of their name changed to -ide. For example, oxygen forms oxide ions and chlorine forms chloride ions.
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Table 1.7 compares an anion and a cation.


[image: ]


During a chemical reaction compounds form, many of which contain anions and cations.

A compound is two or more elements chemically combined. You will learn more about this in Chapter 2.


Drawing diagrams of ions

If asked to draw a labelled diagram of an atom you must show the position and number of protons and neutrons, as well as the electronic configuration. When drawing a labelled diagram of an ion you must also show the position and number of protons and neutrons in the nucleus, and the electronic configuration. Also show the charge on the ion.


[image: ]

Figure 1.14 A labelled diagram of a chloride ion
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Figure 1.15 A labelled diagram of a magnesium ion
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Test yourself


22  Copy and complete the table below.


[image: ]

23  An ion has 8 protons and 9 electrons. What is the charge of the ion?

24  An atom of aluminium loses 3 electrons, what is its charge?

25  How many electrons does a potassium ion have? What is its charge?

26  What is the charge of a particle with 7 protons and 10 electrons?

27  How many protons, neutrons and electrons are there in the [image: ] ion?
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Show you can

The table below gives some information about some different particles: A, B, C, D, E and F.

Some particles are atoms and some are ions. (The letters A, B, C, D, E and F are not the chemical symbols for the elements.)


[image: ]


1  Copy and complete the table.

2  Particle C is an atom. Explain, using the information in the table, why particle C is an atom.

3  Particle E is a negative ion. What is the charge on this ion?

4  Which two atoms are isotopes of the same element?
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Practice questions


1  An aluminium atom contains three types of particle.




    a)  Copy and complete the table below to show the name, relative mass and relative charge of each particle in an aluminium atom.

(4 marks)


[image: ]


    b)  Complete the sentences about an aluminium atom below by choosing one of the words in bold.

(4 marks)




          i)  In an aluminium atom, the protons and neutrons are in the nucleus/shells.

          ii) The number of protons in an aluminium atom is the atomic number/group number/mass number.

          iii) The sum of the number of protons and neutrons in an aluminium atom is the atomic number/group number/mass number.

          iv) The number of electrons in an aluminium atom is 13/14/27.




    c)  Look at the following atoms and ions.



[image: ]

Which of these atoms and ions, if any:


          i)  are isotopes of the same element?

          ii) have 9 protons?

          iii) have 10 electrons?

          iv) have 10 neutrons?

          v) have more protons than electrons?

(5 marks)




2  The structure of the atom has caused debate for thousands of years. In the late 19th century the plum pudding model of the atom was proposed. This was replaced at the beginning of the 20th century with the model of the atom we use today.





[image: ]
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    a)  Describe the differences between the plum pudding model of the atom and the model of the atom we use today.

(5 marks)
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    b)  The diagram below represents an atom of an element. The electrons are missing from the diagram.


[image: ]

Figure 1.16






          i)  State the atomic number of this element.

(1 mark)

          ii) State the mass number of this element.

(1 mark)

          iii) Name the part of the atom in which the protons and neutrons are found.

(1 mark)

          iv) Copy and complete the diagram to show the electronic configuration of the atom, using a cross to represent an electron.

(1 mark)





[image: ]
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          v) Write down an approximate value for the radius of this atom, in nanometres.

(1 mark)

          vi) Name the scientist who discovered the neutron.

(1 mark)
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    c)  The table below shows some information for several atoms and simple ions. Copy and complete the table.

(6 marks)
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3  Potassium is a very reactive element. An isotope of potassium has mass number 39 and atomic number 19.




    a)  What is meant by the term mass number?

(1 mark)

    b)  What is meant by the term atomic number?

(1 mark)

    c)  Draw a labelled diagram of an atom of potassium.

(4 marks)





[image: ]
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    d)  What is the approximate radius of the potassium atom?

(1 mark)
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    e)  Potassium reacts with chlorine to form potassium chloride, which contains potassium ions and chloride ions.




          i)  Calculate the number of protons, and number of electrons, in a chloride ion.

(1 mark)

          ii) Write down the charge and the electronic configuration of the chloride ion.

(1 mark)

          iii) Potassium chloride is a compound. What is meant by the term compound?

(1 mark)




4  Silver has two isotopes 109Ag and 107Ag. In a sample of silver, 53% has a mass of 109 and 47% has a mass of 107.





[image: ]

[image: ]


    a)  Calculate the relative atomic mass of silver to one decimal place.

(2 marks)
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    b)  Define the term isotopes and explain why 109Ag and 107Ag are isotopes.

(3 marks)





[image: ]
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    c)  An atom of silver has a radius of 1.6 × 10−10 m.



What is the approximate radius of the nucleus of this silver atom? Give your answer in metres and nanometres.

(2 marks)
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    d)  Silver can form Ag+ ions. How many protons, neutrons and electrons are present in a 109Ag+ ion?

(2 marks)

    e)  Silver oxide contains Ag+ ions and oxide ions. What is the formula of an oxide ion?

(1 mark)




5  The table shows some information about atoms and ions.



Copy and complete the table.

(5 marks)
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