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Introduction

Welcome to How To Pass Higher Chemistry, 2nd edition! This book follows on from the very successful 1st edition and has been updated using the 2018 SQA arrangements document for Higher Chemistry.

How to use this book

This book is designed to help you prepare for the SQA Higher Chemistry exam. It provides a complete summary of the Higher Chemistry course and offers the following features to aid understanding and improve recall of important points.
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What you should know

This is provided at the start of each chapter, highlighting the SQA learning outcomes that you must know in order to demonstrate the required knowledge to meet the SQA assessment standards. Look at these before you read the chapter to make you think about what you already know and what you should find out more about. Once you have read the chapter and completed the questions, go back and check the What you should know points to check that you have mastered the required knowledge from this chapter.
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Hints & tips

This feature gives you examiners’ hints and tips on how to achieve top marks. It also highlights common mistakes to watch out for and avoid!
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Key points

You will find the key points listed at the end of each chapter. These summarise the knowledge and skills required to achieve the SQA outcomes. You can use the key points to check your understanding of the chapter prior to testing your knowledge using the Study Questions at the end of the chapter.
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Remember

This feature provides examiner’s advice on specific points that you must memorise from the chapter. This could be a calculation skill (e.g. knowing how to calculate the relative rate of a reaction) or a specific piece of knowledge that you should be able to recall and explain (e.g. going across a period, the covalent radii decreases).
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Examples

Each chapter contains worked examples to test your knowledge of the concepts in the chapter and to show you how best to answer Higher Chemistry questions. Try the question before you review the answer. If you cannot recall how to answer the question, try to search for the information in the chapter. Once you have exhausted your memory and have tried to solve the question, you can review the exemplar answer. This is an important point in learning: you must make every effort to recall before looking at an answer. The mental effort of searching for an answer helps to strengthen your memory and will boost your ability to learn.
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Study questions

These are found at the end of the chapter and should be used to test your knowledge and understanding of the chemistry covered. The questions included have been carefully selected with many questions sourced from past SQA Higher exams. Like the worked examples, always exhaust all efforts to recall/search for an answer before checking using the answers at the back of the book.
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Additional features of the Higher Chemistry exam

This appears in the appendix of the book and offers advice on how to tackle two important features of the Higher Chemistry exam: Numeracy and Open-ended questions. Both concepts are explored in detail and supported with worked examples and study questions. Take your time to review these features and, like previous chapters, test your knowledge and understanding using both the worked examples and study questions.

Glossary

A glossary of key words you should know is included at the end of the book. If you have reviewed each chapter and tested your knowledge using the advice given, you should be familiar with the key words and should know the definitions.

The Higher Chemistry course

The Higher Chemistry course comprises four areas of chemistry, which are presented as four sections in this How to Pass book. The four sections, and a brief summary of their contents, are:

Chemical changes and structure

This section explores the structure and bonding of elements in the Periodic Table and examines some of the properties of compounds that derive from their bonding.

Nature’s chemistry

This section explores the chemistry of carbon compounds (a branch of chemistry known as organic chemistry) such as alcohols, esters and proteins. Their structures and reactions are explored with reference made to how chemical bonding affects the properties of the compounds.

The uses of the carbon compounds in areas such as cosmetics and the food industry are detailed, along with an explanation of how the compounds’ properties are related to their structure.

Chemistry in society

This section examines the role of chemists in making new products for profit, covering concepts such as reaction rates, chemical energy and equilibria. The section concludes with a review of some of the techniques chemists use to analyse the compounds they have made.

Researching chemistry

This section is designed to summarise the practical chemistry techniques and apparatus you are likely to use in a chemistry laboratory at Higher level. A list of common practical techniques and equipment is detailed along with advice on best practice for carrying out such techniques.

Higher Chemistry assessment

There are three parts to the Higher Chemistry assessment:


1  An assignment

2  A multiple choice exam

3  An extended answer exam



The assignment is carried out as directed by your teacher/lecturer and will involve you researching an area of chemistry related to the Higher course. This will involve an experimental stage where you will conduct relevant practical work; a research stage where you will use books and the internet to find out about your chosen area of research; and a reporting stage where you will write a report summarising your findings. Your written report will be submitted to the SQA for marking and contributes 20% to the overall course mark.

The written exam, usually taken in May, comprises two question papers: a multiple-choice paper (25 marks) and an extended-answer paper (95 marks). You will be given 40 minutes to answer the multiple-choice questions and 2 hours 20 minutes to answer the extended-answer questions. Overall, the written exams contribute 80% to the overall course mark.

Advice for all Higher Chemistry students

The key to success in Higher Chemistry is to equip yourself with as much chemical knowledge as possible and to ensure that you can do all of the standard questions that you are going to be asked in the exam. In some ways, this is easy as this book presents you with all the chemical knowledge you need and includes the likely question types you will be asked. The tricky bit is learning and understanding this knowledge, and remembering how to do the standard questions. To do this, you need to get into the habit of reviewing the relevant chapters at the same time as you are studying the concepts in class. To review means to read and test that you understand and can recall. Using the worked examples and study questions will help you with this as they will force you to retrieve what you have read. The more you retrieve, the easier knowledge will come to you. In other words, you need to review and attempt the questions in each chapter several times.

It is also important to space your revision so that you leave some time between each review, as research shows that this is a more effective strategy than doing the same questions over and over again. So, an ideal strategy is to read a chapter, try the questions, check for understanding, and then move onto a different chapter. Go back to the original chapter a week or two later. Chances are, when you go back to review and try the questions again, you will have forgotten some of the information, which will force you to try to retrieve the information. This ‘forgetting’ and then ‘retrieving’ is an important part of revising and will help you remember the chemistry you should know.

Aside from the advice given in each chapter of this book, specific advice for tackling numeracy and open-ended question types is given in the appendix. Take time to review and apply this advice as it will serve you well when you tackle exam questions.

Finally, even if you decide not to pursue chemistry beyond the Higher course, I hope that studying chemistry has opened your eyes to the delights of the subject. It is a science that has many everyday applications from ensuring our indoor swimming pools are disinfected to the more complex field of designing new medicines to treat and cure disease.

Chemistry continues to have an exciting future in all areas of human endeavour from environmental conservation to the search for life-enhancing compounds. Many of you will, no doubt, continue your studies beyond Higher Chemistry and may, like many Higher Chemistry candidates, use your course knowledge to go on to advanced study of chemistry and its related disciplines. The knowledge and skills you acquire from this book will serve you well both now and in the future.

Best of luck!


Section 1 Chemical Changes and Structure

Chapter 1

Structure and bonding in the first 20 elements
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What you should know


•  Elements are arranged in the Periodic Table in order of increasing atomic number.




    •  The Periodic Table can be used to make predictions about the properties of elements. For example:

    •  Elements with the same number of outer electrons take part in similar chemical reactions.




•  Elements can be classed as metals and non-metals and have corresponding properties.

•  The first 20 elements are categorised as:




    •  metallic (Li, Be, Na, Mg, Al, K, Ca)

    •  covalent molecular (H2, N2, O2, F2, Cl2, P4, S8 and fullerenes)

    •  covalent network (B, C (diamond, graphite), Si)

    •  monatomic (noble gases).
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All known elements are listed on the Periodic Table, which displays the elements in order of increasing atomic number. The Periodic Table can be used to make predictions about the properties of the elements. For example, all the group 1 elements (the alkali metals) react rapidly with water to form an alkaline solution and hydrogen gas. As you descend the group, the elements become increasingly reactive. This reactivity comes from the fact that all group 1 elements have 1 outer electron. As you will learn in the next chapter, as you descend the group, the outer electron becomes less attracted to the nucleus making it easier to remove, hence the increase in reactivity.

Other trends in properties can be attributed to the outer electrons in elements such as the fact that some elements (towards the left-hand side of the table) are good conductors of electricity due to the fact that their outer electrons can move easily from atom to atom. At the opposite side of the table, the group 0 elements, the noble gases, are known to be unreactive because they have a full shell of outer electrons meaning that electrons are unlikely to be lost or gained from these atoms.

For the purposes of Higher Chemistry, you are expected to know the structure and bonding of the first 20 elements as illustrated in Figure 1.1. This chapter will explore some of the properties of these elements and will attempt to relate these properties to the structure and bonding of the elements.
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Metallic bonding

Metallic bonding consists of positive metal ions surrounded by a pool of delocalised electrons. The attraction between the charged metal ions and the electrons is known as metallic bonding. As this is a relatively strong attraction, metals typically have high melting points reflecting the energy required to overcome the strong metallic bonds.
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A review of the SQA data booklet, page 6, allows you to compare the metallic bond strength of metal elements by comparing their melting points. For example, it can be seen that the melting point decreases as you descend the alkali metals: Li (181 °C), Na (98 °C) and K (63 °C) suggesting that the metallic bonds found in lithium are stronger than those found in sodium and potassium. In other words, the energy required to break the metallic bonds in lithium is greater than the energy required to break the metallic bonds in sodium and potassium. If you compare the group 2 metals to the group 1 metals on the same period, you will notice that the melting points of group 2 metals are much higher. For example, magnesium has a melting point of 650 °C compared to 98 °C for sodium.

The stronger metallic bonds found in magnesium are due to the fact that magnesium forms 2+ ions and contributes two electrons per atom to the delocalised pool of electrons. Both factors result in stronger metallic bonds in magnesium requiring a greater energy to overcome, hence the higher melting point than sodium (which forms 1+ ions and contributes one electron per atom to the delocalised pool of electrons).

A final feature of metallic bonding is the fact that the outer electrons are very loosely held. This means that the outer electrons are not bound to one ion: they can move around the metallic structure, i.e. they are delocalised. As the electrons are free to move, metals conduct electricity.

Covalent molecular elements

Hydrogen, nitrogen, oxygen and the halogens are all examples of diatomic molecules consisting of two atoms joined by covalent bonding. Phosphorus, sulfur and the fullerenes are also covalent molecular in structure, but consist of much larger molecules.


•  Phosphorus consists of four phosphorus atoms joined together by covalent bonds as shown in Figure 1.3.
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•  Sulfur can form molecules where eight sulfur atoms covalently bond to form ‘puckered rings’ as shown in Figure 1.4.
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•  The fullerenes are a form of carbon consisting of five- and six-membered rings of carbon atoms covalently bonded together. One example of a fullerene consists of 60 carbon atoms, as shown in Figure 1.5.
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For all of the covalent molecular elements, the intramolecular forces, the bonds within the molecule, are covalent. The intermolecular forces, those between the molecules, are the very weak London dispersion forces. (London dispersion forces are discussed in greater detail in Chapter 3.) Most of these elements have relatively low melting and boiling points since only the weak London dispersion forces have to be broken to melt and boil them. The heavier molecules, such as sulfur, phosphorus and the fullerenes, have many more electrons than the lighter molecules. Consequently, there are stronger London dispersion forces between the molecules, resulting in the higher melting points of these elements.

Covalent network elements

Unlike covalent molecular substances, which consist of only a few atoms bonded together, covalent network structures consist of many thousands of atoms joined together by covalent bonds. These structures have very high melting points as strong covalent bonds must be broken for the solid to melt.

Carbon diamond

Diamond is one form of carbon which is an example of a covalent network structure. Each carbon atom is covalently bonded to four other carbon atoms in a tetrahedral arrangement as shown in Figure 1.6. The resultant structure is exceptionally hard and strong. As all four outer electrons are used to form covalent bonds to other carbon atoms, carbon diamond does not conduct electricity.
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Carbon graphite

In carbon graphite, each carbon atom forms three covalent bonds to neighbouring carbon atoms forming layers of hexagonal rings, as shown in Figure 1.7. The fourth outer electron becomes delocalised between the layers allowing carbon graphite to conduct electricity. The layers in graphite are held together by weak London dispersion forces. This allows the layers to move easily, making graphite an effective lubricant.
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Remember

Covalent networks have very high melting points as strong covalent bonds must be broken when these structures are melted.
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Boron and silicon

Boron forms a covalent network structure based on B12 groups. Silicon forms a rigid covalent network with a similar tetrahedral structure to carbon diamond.

Monatomic elements

The noble gases are monatomic elements; they consist of single atoms which are not bonded to neighbouring atoms. When cooled, the atoms move closer together to form a liquid and then solid held together by weak London dispersion forces. As these forces are weak, the monatomic elements have very low melting points. As you descend the noble gases, the melting points increase as the London dispersion forces become stronger. This is due to the increased number of electrons.
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Remember

London dispersion force strength increases as the number of electrons in an atom/molecule increase. For example, chlorine has a higher melting point than fluorine because the LDF between chlorine molecules is stronger than the LDF between fluorine molecules. This is because chlorine molecules have more electrons than fluorine molecules.
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Hints & tips

If you are asked to explain why one element has a higher or lower melting point compared to another element, always refer to the type of bonds or forces that must be overcome to melt the element. Relate this to the amount of energy that has to be supplied. This is illustrated in the following

worked examples.
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Example

Explain why sodium is a solid at room temperature whereas chlorine is a gas at room temperature.

Solution

This is the same question as: why does sodium have a higher melting point than chlorine?

To melt sodium, strong metallic bonds must be broken. Sodium is a solid at room temperature as there is not enough energy (at room temperature) to break the strong metallic bonds.

Chlorine molecules are held together by weak London dispersion forces. At room temperature, enough energy is supplied to overcome the London dispersion forces allowing the chlorine molecules to separate as a gas.
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Example

Explain why the boiling point of fluorine is higher than the boiling point of helium.

Solution

In both fluorine and helium, the force holding the fluorine molecules together and the force holding helium atoms together is London dispersion force.

The fact that the boiling point is higher for fluorine suggests that the LDF between fluorine molecules are stronger than the LDF between helium atoms. Thus, more energy is required to overcome the LDF between fluorine molecules than is required to overcome the LDF between helium atoms.

LDF strength increases as the number of electrons increases, therefore as there are more electrons in fluorine molecules than there are in helium atoms, the LDF between fluorine molecules is stronger than between helium atoms.
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Key points

You should know how to describe the bonding and structures of the first 20 elements of the Periodic Table.


•  Metallic: strong metallic bonds, high melting points, good conductors of electricity.

•  Covalent molecular: strong covalent bonds between atoms; weak London dispersion forces between molecules; sulfur, phosphorus and the fullerenes are solids as they are heavier molecules with more electrons, therefore they have stronger London dispersion forces between molecules.

•  Covalent network: strong covalent bonds between atoms; very high melting points as the strong covalent bonds must be broken; examples include carbon (diamond and graphite), silicon and boron.

•  Monatomic: the noble gases are gaseous as they have weak London dispersion forces between atoms; melting points increase as you descend the group as the atoms have more electrons and therefore stronger London dispersion forces.

•  You should be familiar with using the data booklet to look up information about the elements such as the electron arrangements, atomic numbers, melting and boiling points.

•  Trends in reactivity of elements can be related to the number of outer electrons.

•  Trends in melting and boiling points can be related to the structure and bonding of the elements.
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Study questions


*1 Complete the following table by adding in the letter for the type of element, shown in Figure 1.8, which matches the description in Table 1.1.
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Table 1.1



	Type
	 
	Description



	1
	 
	Monatomic gases



	2
	 
	Molecular solids



	3
	 
	Covalent network solids



	4
	 
	Metallic solids



	5
	 
	Covalent molecular gases





2  Which of the following statements can be applied to both silicon and sulfur?




    A  the high melting point is a result of strong covalent bonding

    B  molecules are held together by LDF

    C  atoms are held together by strong covalent bonds

    D  the high melting point is a result of strong LDF between atoms




3  When liquid oxygen evaporates




    A  covalent bonds are formed

    B  covalent bonds are broken

    C  London dispersion forces are broken

    D  London dispersion forces are formed.




4  Which element would require covalent bonds to be broken when it is melted?




    A  helium

    B  nitrogen

    C  boron

    D  sodium




5  Which of the following elements will not conduct electricity?




    A  potassium

    B  carbon graphite

    C  carbon diamond

    D  sodium




6  a)  Copy and complete Table 1.2 by adding the name of an element from elements 1 to 20 of the Periodic Table for each of the types of bonding and structure described.



Table 1.2



	Bonding and structure at room temperature and pressure
	Name of element



	Metallic solid
	Sodium



	Monatomic gas
	 



	Covalent network solid
	 



	Discrete covalent molecular gas
	 



	Discrete covalent molecular solid
	 





    b)  Why do metallic solids such as sodium conduct electricity?




7  Describe the structure of carbon diamond and carbon graphite. Explain why carbon diamond does not conduct electricity yet carbon graphite does conduct electricity.
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