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Biology, Chemistry and Physics 
are three of the most popular and 
important subjects taken in secondary 
schools. Good passes at National 5 
and Higher can make a big difference 
when it comes time to decide what 
you want to do next.

Multi award-winning Scottish 
educational publisher Bright Red is 
delighted to partner with Scotland 
on Sunday to bring you this great 
supplement to help tackle your 
National 5 or Higher Biology, Chemistry 
and Physics qualifications. We have 
combed through the SQA’s course 
reports for each qualification and tried 
to include the most useful information 
we can to support your final revision 
push and exam preparation.

All of the first class material contained 
in this supplement is extracted from 
Bright Red’s Learn to Learn, National 
5 and Higher Biology, Chemistry and 
Physics Study Guides. These guides 
are written by our expert authors 
and are custom-designed for the new 
qualifications. They have helped tens 
of thousands of students understand 
their course and prepare for their 
exams. If you like what you see, you 
can purchase these guides online 
with our exclusive 30 per cent off 
discount code BRIGHTSCOTS at 
www.brightredpublishing.co.uk

We have also included signposts to 
our completely FREE Digital Zone –  
www.brightredbooks.net/subjects. 
With 40,000 registered users and 

1 million tests taken 
to date, it is well worth 
signing up online for even 
more content and support.

We hope that you find this 
supplement of great use and very 
best of luck to you in your studies 
and in your final exams.

They might seem a while away but this year’s SQA exams are on 
the horizon and coming closer every day. You have slogged hard 
for seven months in class and the final tests are in your 

sights. In seven weeks it will be time to put all of your learning 
down on paper and show off all of your hard work.
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LEARN TO LEARN

THINKING AND LEARNING STYLES
Every learner is unique in the ways that they take in information, process it 
and retain it – in other words, how they think and learn. There are several 
thinking and learning styles. The key ones are:

• auditory    •  visual    •  kinaesthetic

Most of us are stronger in one or two styles, but it’s important that you 
recognise which ones you are weaker in. By spending time learning and 
practising new study techniques, you will find that you can learn and recall 
much more information.

REFLECTIVE THINKING
Reflective thinking is a simple process that helps our brain to remember 
and apply information. With reflective thinking, you use keywords that act 
as prompts to link your memory to banks of information. You can then apply 
this information to a range of familiar and new contexts.

The reflective thinking process promotes the use of more complex thinking 
skills such as applying, analysing, evaluating and creating. As you progress 
through school, the work becomes more complex, and you’ll need these skills 
to complete more challenging assignments. 

THE 3RS PROCESS –  
REVIEW/REMEMBER/RECALL
The review/remember/recall process is key to studying successfully for 
exams and assessments. The 3Rs process involves:

• gathering the information you want to learn

• retaining the information 

• being able to recall and use the information when you need it in exams. 

By using the 3Rs, you will learn and practise new study techniques, which in 
turn will enable you to learn what you need to know for your exams. 
Learning to use different techniques will ensure that you are able 
to use the best method for learning a particular piece of work, 
and will also keep your brain more alert, so you are less likely 
to get bored.

You can think about the 3Rs as a learning cycle. 

If you’re reading this, you’re probably preparing for SQA 
assignments and exams. The aim of BrightRED Learn to 
Learn is to find out which style of thinking and learning 

works best for you. It also helps you to develop study 
skills and techniques that you can use not only in 

school, but as part of your lifelong learning.

ACTIVE LEARNING AND STUDY
Active learning can mean different things to different people. For example, 
some people think that if they read over their work again and again, it will 
become more familiar and they will remember it. This isn’t active learning. 

Active learning and study uses a much higher degree of mental (and 
sometimes physical) involvement, by actually doing things with the 
information you are trying to learn.

‘Active learning is learning which engages and challenges children’s 
thinking using real-life and imaginary situations. All areas of the 
curriculum can be enriched and developed through active learning.’

Education Scotland (2010)

As you become active in your learning and study, the amount and quality 
of what you learn improves. Active study is a part of each of the 3Rs stages. 
For example, in the remember stage, active study involves using various 
techniques to check if you can remember what you are trying to learn. You 
can do this on your own but your parents, family and friends can be a huge 
help too. 
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STUDY PLANNING
Study involves using a variety of skills and techniques to help you to learn 
and prepare for exams and assignments. 

All SQA assessments and exams cover a broad range of knowledge, 
understanding and skills. You will need to develop different study skills and 
techniques to handle these. 

You should develop a study plan that takes into account how you think and 
learn, the types of assessment and exams you are preparing for and the skills 
and techniques you will need to prepare for them. Your study plan should be 
developed and reviewed frequently.

STUDY PLAN
A good study plan is the key to effective learning. It will help you to 
systematically plan your work and it will also help to motivate you when you 
see the amount of work that you’ve covered in each subject. We’ve included 
an exemplar study plan below, but remember that this is only a suggestion, 
and that you can adapt it to suit your own needs.

An important part of any study plan is the amount of time spent on study. 
This will vary depending on who you are and the subjects that you’re doing. 
An optimum time for students in the senior phase (S4, 5, 6) is around two 
hours per session. This gives you enough time to commit more detailed 
information to the long-term memory so you can do more challenging 
activities in class and be better prepared for assignments.

Study plans also help you to allocate time for ongoing work such as homework 
and revision. The first priority for each session must be to complete homework. 
This will determine how much time is left available for revision.

HOW OFTEN? 
If you’re really serious about doing well in your exams, you should be 
planning about five sessions per week. It’s up to you when you do them. 
Some people prefer working Monday to Friday, while others prefer to have 
Friday and Saturday free and work Sunday to Thursday. 

LEISURE AND SOCIAL EVENTS
Remember to include time for leisure and social events in the plan. You need 
opportunities to relax, even while the exams are going on or when you are 
finishing portfolio and added value work. If you don’t have time off, you’ll 
probably get over-tired, lose perspective and increase the stress you are under. 
With an effective plan you should be able to meet your social commitments 
without feeling guilty that you are not at home studying and working.

FLEXIBILITY 
Even when you’ve drawn up your plan, be flexible with it. The plan is only 
a guide and a method of monitoring. Things happen in life that we have to 
respond to. Missing one or two days is not the end of the world. If you find it 
difficult to stick to your plan, adapt it. If your plan is too ambitious, review it 
and start again. Start small. It is better to do even ten minutes per night than 
nothing at all, and all these ten minutes will add up.

PRIORITISE
Use your study plan to set your priorities. Fill in any deadlines or test dates 
well in advance. Then fill in social, family or sporting events. Your revision 
should fit in around these things.

MONTHLY STUDY PLAN
Your school might provide you with a template for a study plan. Don’t forget 
that this will probably include holidays. 

Use colour and pictures to make it more interesting and easier to read. 

Try to revise each subject at least once a week or, if you have more than five 
subjects, at least once every two weeks. During the subject revision time, try 
to use the 3Rs format. Arrange all your notes by subject, and keep everything 
filed properly. 

Make up your own study plan. You can use the example below as a template, 
or you can create your own. Try to make it look so good that you will want to 
look at it and fill it out! 

Monthly study plan

Session 1 Session 2 Session 3 Session 4 Session 5

W
ee

k 
be

gi
nn

in
g 

14
 M

ar
ch H/work

Maths 
p34–5 

English poetry
Maths 
p35–6
Geography p5

English 
Maths Ex 4
Biology p26 a, b

Revision French Maths English Geography Biology

Leisure Swimming Visit Gran Watch match on TV

W
ee

k 
be

gi
nn

in
g 

21
 M

ar
ch

H/work
Maths
Finish Ex 5

English
Learn quotes
French vocabulary

Maths
Finish Ex 6

English spelling
(Do on Wed)

Biology
Finish diagram

Revision French Maths Geography English Biology

Leisure Swimming Visit Gran My birthday
Friends staying 
overnight

W
ee

k 
be

gi
nn

in
g 

28
 M

ar
ch

H/work
Geography
Revise – river test

Geography
Revise – river test

Maths 
p43–44

English spelling
French 
Verbs

Revision French Maths English Geography Biology

Leisure Swimming Visit Gran
Going to friend’s 
house

W
ee

k 
be

gi
nn

in
g 

4 
A

pr
il

H/work
English folio draft Maths  

p46–47
French
Oral prep

Geography
Review test
performance

Learn mushroom 
diagram

Revision French Maths Biology English Geography

Leisure Swimming Visit Gran Scouts’ weekend

EXAMPLE
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LEARN TO LEARN

GETTING READY FOR EXAMS
SUPPORT
Remember – there are lots of people who want you to do well in your exams 
and who can help you with your studying. 

In school, you can get support from teachers and tutors, and from  
other students. 

Out of school, you can get support from friends and family. Being able 
to discuss and work through issues with your friends in the more relaxed 
atmosphere of each other’s houses can make learning more effective and fun. 
When they see you working with friends in this way, parents and guardians 
will understand the effort you are putting in and will want to get involved to 
help you. 

Working with a study buddy and/or study group means that you can:

• Encourage each other to study even when you’re not in the mood. 
Studying with friends makes learning more fun. (Just be careful that you 
spend your time studying, not chatting.)

• Share note-taking and research. If you have a long reading list or a lot 
of websites to search, split the research between you. Photocopy your 
notes for your buddy or group. Discuss these within the group to get the 
full context and depth of information for your answer. In some cases, you 
might just need the odd quote from the notes, but you won’t need to read 
through them all yourself. This will leave you more time for writing your 
assignment. (Remember – always note the source of your information for 
your references and bibliography.)

• Develop new ideas by discussing work with your group or study buddy 
– they might have different ideas or ways of approaching an answer that 
you could use.

• Develop a deeper understanding of the course materials by discussing 
and exploring them with your group or study buddy.

USE YOUR STUDY NOTES
Once you’ve made notes during your study time, never throw them away. 
Use them later to check that you remember the key concepts of the course. 
If there are things that you can’t remember, then build them into your study 
programme to go over again. This ensures there are no gaps in your learning.

Your notes should be condensed to include all the key points – especially 
those that you have most difficulty remembering. Write any really hard-to-
remember key points in the spaces at the top or bottom of the pages so they 
will stand out when you flick through them. Look over these notes every day 
from about two weeks before the exam, so the points become really familiar 
and you remember them easily.

If there is something you still find difficult to remember on the day before 
the exam, write the key points onto a large sheet of paper, hang this on 
your bedroom wall and look at it frequently until you feel you have got the 
information in your memory.

BEFORE THE EXAM
You need to go into externally marked exams with a good idea of what to 
expect. You obviously won’t know the exact questions, but you should know 
the format of the exam (whether it involves multiple choice questions, short 
or longer answers). 

SUBJECT-SPECIFIC VOCABULARY
Subjects tend to have words or phrases specific to their key concepts and key 
features. During your reflective thinking and when studying and preparing 
for your exams make sure that you:

• learn the correct subject-specific terminology and use it in your answers 
(use your preferred learning styles to do this)

• give a brief definition of the term or word. Knowing the definitions will be 
a great help when a question asks you to describe or explain the term.

The reflective thinking process – identifying keywords, adding definitions and 
applying them – will help your brain to get into the habit of identifying, using 
and applying subject-specific vocabulary.

It can help to create a dictionary of keywords as part of your study notes. Use 
the look/cover/write/check method to learn these off by heart. Study books 
and guides can sometimes let you know exactly which words to use.

PAST PAPERS
Once you have completed all, or key parts, of the course, look over past exam 
papers on the SQA’s website and practise writing your own answers. This is a 
recognised and effective method of improving exam performance. Compare 
your answers with the marking instructions. This will allow you to assess what 
you did well and what you still need to improve upon.

When you analyse or mark your answers, highlight the areas you did well in 
with colour coding or with a tick or comment. This is important because it 
lets you see that you have learned that area well, and will only need to look 
over it at intervals prior to your exam.

Highlight the areas that need more work and build them into your study plan. 
When you next complete a past paper question, check that you have done 
better and flag this up accordingly.

After you have answered a few questions, you will probably find that you’re 
able to predict the sorts of things you are asked in an exam. This means you 
are starting to apply the higher order thinking questions yourself. Remember 
to use this in your study and reflective thinking.
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EXAM TIMINGS
As you get closer to the exam, start 
to develop an awareness of how 
long it should take you to answer 
the paper you are sitting without 
your study notes. Once you have 
a good knowledge of the content, 
time yourself while you are 
answering past paper questions.

Each subject and each paper will be slightly different. Some might be divided 
into three or four equal sections. If this is the case, work out how long you 
should spend on each section. At the top of your question paper write down 
a time plan, so you know when you have to change to the next question. Say, 
for example, that the exam starts at 9:00am, is one-hour long and is split into 
four sections. Your time plan would look like this:

Section 1 – 9:00am
Section 2 – 9:15am
Section 3 – 9:30am
Section 4 – 9:45am

If the paper doesn’t divide up easily into sections, then simply work out what 
half-time is and try to get halfway through the paper by that time. For example, 
if a paper is an hour long, begins at 9:00am and has 14 questions all with the 
same number of marks, you should aim to finish question 7 by 9.30am.

Remember to allow time to read through the paper. The format and number 
of questions will vary from subject to subject, so practise doing as many past 
papers as you can to familiarise yourself with the questions and how long 
they take.

Stick to your time plan as much as possible. If you spend extra time on one 
section, it might get you one or two additional marks by adding more depth 
and detail, but it will reduce the amount of time you have for other questions, 

and if you don’t have enough time to answer them all, you could lose more 
marks overall than you gained. 

This is a skill you should practise against the clock. It will get you used to the 
time pressure of the exam. When practising at home, use an alarm clock or 
set the alarm on your mobile phone to help you pace your answers.
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NATIONAL 5 BIOLOGY

CELL BIOLOGY

TRANSPORT ACROSS CELL MEMBRANES
THE STRUCTURE OF THE CELL MEMBRANE
The cell membrane consists of lipids (fats) and proteins arranged as shown in 
the diagram.

The lipids form a double layer and are constantly moving, so the membrane 
is described as ‘fluid’. The proteins vary in size and shape, and form a patchy 
mosaic within the phospholipid bilayer. For this reason, the membrane 
structure is referred to as the fluid mosaic model.

The proteins have a variety of functions:

• Some form channels, creating pores in the membrane. This allows the 
passage of molecules that are small enough to travel through the pores 
by passive means.

• Some proteins are partially embedded in the lipid layer or they may lie 
on its surface. Some of these act as receptors for chemicals such as 
hormones or antibodies. Others act as enzymes for chemical reactions.

• Other proteins act as carrier proteins for the process of active transport 
of materials across the membrane.

The cell membrane is described as being selectively permeable. This term 
refers to the property of allowing some molecules to pass from one side 
to the other, while other molecules are unable to pass through. Smaller 
molecules (such as water, oxygen and carbon dioxide) move freely through 
the cell membrane, slightly larger ones (for example amino acids, glucose 
and urea) move more slowly through it, but large ones (like proteins and 
starch) are unable to pass through.

PASSIVE METHODS OF TRANSPORT
Passive transport of materials does not involve energy expenditure by the 
organism for the process to take place. It relies on the fact that substances 
are found in different concentrations in different places. With passive 
transport, substances always move from a high to a lower concentration. This 
difference in concentration is known as a concentration gradient.

Diffusion

The definition of diffusion is the movement of molecules or ions from a 
region of high concentration to a region of lower concentration. 

Diffusion allows substances to move within a cell from one area to another, as 
well as allowing materials to enter and leave a cell. Diffusion continues until 
the concentration of the substance is even throughout.

Diffusion is important to organisms in many ways. For example, oxygen and 
glucose enter cells by diffusion for the process of aerobic respiration. The 
removal of waste products, such as carbon dioxide or urea, from cells also 
happens by diffusion.

Osmosis

The definition of osmosis is the movement of water molecules from a region 
of high water concentration to a region of lower water concentration through 
a selectively permeable membrane. 

Osmosis is a special type of diffusion and only involves the movement of 
water molecules.

If there is a difference in water concentration between the fluids inside and 
outside of the cell, then water will either enter or leave the cell, moving from 
the higher to the lower water concentration. If the water concentration is 
equal on either side of the membrane, water molecules will still move from 
one side to the other, but in equal proportions. This is not osmosis, since 
osmosis (like diffusion) requires a concentration gradient to occur.

Osmosis is a very important cellular process as all cells need water to survive.

ACTIVE METHODS OF TRANSPORT  
The definition of active transport is the movement of molecules and ions 
across a cell membrane against a concentration gradient.

Unlike diffusion and osmosis, molecules or ions do not move by themselves 
in active transport. Instead, they are moved by carrier proteins, which 
are a component of membranes. This process requires energy because 
molecules are being moved against the concentration gradient; that is from 
low to higher concentration. The energy is provided by ATP (adenosine 
triphosphate), which is produced during respiration. Therefore, anything that 
limits respiration will also limit the rate of active transport. 

National 5 Biology encourages you to become:

• a more confident learner

• a responsible citizen with an informed and 
ethical view of complex issues, through the 
study of relevant areas of biology such as health, 
environment and sustainability

• someone who thinks analytically, creatively  
and independently, and is able to make  
reasoned evaluations. 
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One example of the importance of active transport in animal cells is the 
reabsorption of glucose from the kidney tubules back into the bloodstream, 
ensuring that glucose is not passed out in the urine. An example of active 
transport in plants can be found in the fact that some seaweeds and corals 
can accumulate iodine from sea water in their cells to a concentration 
hundreds of times greater than that in the surrounding water.

MULTICELLULAR ORGANISMS

NERVOUS CONTROL IN ANIMALS
THE NERVOUS SYSTEM
The cells, tissues and organs of the body do not work independently of one 
another; their activities are coordinated so that they work together. This 
means that they can perform their specific function as required by the body 
at any given time. This coordination is achieved by the nervous system.

The human nervous system is composed of three parts:

• the brain • the spinal cord • the nerves.

The brain and the spinal cord together 
make up the central nervous system 
(CNS). This is connected to all parts 
of the body through the nerves, which 
are made up of thousands of long thin 
nerve fibres. 

In order to protect itself, the body 
must be able to detect changes 
which take place both internally 
and externally. These changes act 
as stimuli. Nerves lead to and from 
all of the organs and systems of the 
body, making sure that information is 
gathered and appropriate responses 
are made.

NEURONS
The nervous system is made up of 
nerve cells called neurons. These 
cells are specialised to carry electrical 
impulses. These impulses are only 
able to travel in one direction along 
the neuron. There are neurons that 
send impulses to the CNS, different 
neurons within the CNS to process 
impulses and other neurons which 
send impulses to organs which carry 
out responses. 

There are, therefore, three basic  
types of neuron and each has a 
different function as summarised  
in the table below.

Type of neuron Function

Sensory neuron To send information from the receptors of the sense organs to the CNS

Relay neuron To send information within the CNS

Motor neuron To send information from the CNS to the muscles and glands

The flow of information follows a pathway as shown in the diagram.

AREAS OF THE BRAIN
The brain is made up of millions of neurons which are coordinated to process 
information. There are three main areas of the brain: the cerebrum, the 
cerebellum and the medulla.

The cerebrum

This is the largest part of the brain and is divided into two halves or 
hemispheres. This part of the brain is responsible for receiving information 
from the sensory neurons, processing it and sending impulses to all parts of 
the body along the motor neurons in order to make some sort of response. 
It processes information from the senses such as sight and hearing. The 
cerebrum is also involved in mental and conscious thought processes such as 
reasoning, imagination, memory and thinking.

The cerebellum

This area of the brain is found towards the rear of the head. Its primary 
function is to control balance and coordinate muscle actions. Complex 
actions which require skill in both these areas, such as riding a bicycle, 
involve the cerebellum.

The medulla

The medulla is found at the top of the spinal cord. It controls involuntary body 
processes such as breathing, digestion, heart rate, swallowing and sneezing.

Communication within the brain is by short neurons which pass electrical 
impulses very quickly.

Coming from the main body of the cell are lots of tiny extensions which 
connect with other cells and receive information. This information (in the 
form of electrical impulses) is sent along a thin fibre which has a layer of 
insulation, preventing loss of the impulse as it travels to the other end of the 
neuron. Here, transmitters transfer the information to the next cell. 

Neurons are highly specialised cells and, because they carry electrical 
impulses, they do not actually come into contact with one another. This 
means that there has to be a way of transferring the information across a 
gap between two neurons. This is carried out by chemical messengers called 
neurotransmitters in the following process:

1 An electrical impulse travels from the cell body of a neuron along the 
nerve fibre to the other end.

2 When it arrives, this triggers the nerve ending of that neuron to release 
chemical messengers called neurotransmitters.

3 The neurotransmitters diffuse across the gap between the first neuron 
and the next neuron. The gap is known as a synapse.

4 The neurotransmitters bind with receptor molecules on the membrane of 
the second neuron. The receptor molecules are specific to the chemicals 
released from the first neuron.

5 The second neuron now becomes stimulated to transmit the  
electrical impulse.

Synapses occur between all types of nerves and are necessary because the 
nerves do not touch each other directly.Internal or external

stimulus picked up
by sensory receptor

of sense organ

Sensory neuron CNS Motor neuron

Response by muscle
or gland

Flow of information in the CNS

The brain A neuron
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HIGHER BIOLOGY

DNA AND THE GENOME

DIFFERENTIATION IN  
MULTICELLULAR ORGANISMS
As soon as fertilisation occurs, the zygote (fertilised egg) begins to divide by 
mitosis. It forms a ball of identical and unspecialised cells. Then, as the cells 
become specialised for specific functions, regions in the continually dividing 
embryo start to look and act differently from each other. This is called 
differentiation and happens when:

• some genes are switched off 
• genes that are vital to all living cells, for example those for respiratory 

enzymes, are expressed (transcribed)
• genes for specialised cell functions are expressed, for example contractile 

proteins are synthesised in muscle.

Specialised cells can be somatic (body cells) or gametes.

MERISTEMS AND STEM CELLS
Plant meristems

Plants have unspecialised regions called meristems. These are the only places 
where growth can occur through mitosis. The daughter cells are unspecialised 
and will become differentiated as they move further from the meristems. Such 
cells are totipotent which means they can produce all types of cell.

Apical meristems are located in the tips of roots and shoots. Growth here 
increases the height of the plant.

undifferentiated cells at the root 
and shoot-tip divide by mitosis 

root cap
mitosis

elongation and
vacuolation

differentiation

permanent
tissue

apical meristems

once permanent tissues have 
been formed, secondary thickening 
can take place at lateral meristems 
to increase the thickness of the plant

cells become adapted to form tissues 
that carry out specialised functions, 
such as the xylem and phloem 

new cells develop vacuoles and 
elongate, causing the shoot and 
root to increase in length 

Lateral meristems are found in the cambium layer between xylem and 
phloem tissue. Growth in this region increases the girth of the plant.

Animal stem cells

Animal tissues can grow in all areas.

Stem cells are undifferentiated and can divide to form specialised cells. They 
are found in all parts of the body and can differentiate into one or a few cell 
types that are characteristic for their location. The degree of specialisation 
that occurs depends on when and where cells are found.

Early embryonic stem cells are capable of dividing to form all types of 
specialised cell. This is called being pluripotent.

nervous tissue: 
brain, spinal cord, nerves

gastrointestinal tissues: 
alimentary canal, 
liver, pancreas

musculoskeletal tissues: 
bone, skeletal muscle, 
tendons, ligaments

excretory tissues: 
kidney, bladder

circulatory tissue: 
heart, blood, vessels

Embryonic stem cells tend to divide into specialised cells, they don’t form 
new stem cells to renew (replace) themselves. Embryonic stem cells can, 
however, be treated in a lab under in vitro conditions to renew. This provides 
a bank of stem cells for research.

Adult stem cells are found in specific locations. They replace specialised 
cells that have a limited life span, and their ability to differentiate is limited to 
a few related types. They are multipotent, which means they can produce a 
limited number of cell types.

Some adult stem cells renew (divide to make 
more stem cells) in order to maintain a 
stock to last the organism’s lifetime.

Adult stem cells have 
yet to be found which can 
replace every cell type or function, 
for example produce insulin or differentiate 
into fully functioning motor neurones.

The CfE Higher Biology course is divided into 
three units:

• Unit 1: DNA and the Genome

• Unit 2: Metabolism and Survival

• Unit 3: Sustainability and Interdependence

blood (haematopoietic)
stem cell

red blood cell

lymphocyte

macrophage

platelet
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HIGHER BIOLOGY METABOLISM AND SURVIVAL

MICROORGANISMS
Microorganisms can be divided into prokaryotes and eukaryotes.

CULTURE CONDITIONS
Growth of microorganisms in the laboratory requires:

• a water-based growth medium that supplies the appropriate nutrients 
for synthesis of molecules and a source of energy (if the microorganism 
cannot use light for photosynthesis)

• a suitable environment with appropriate temperature, pH and oxygen levels.

GROWTH MEDIA
Growth media can be used in either a liquid or solid form. 

Liquid media 

Liquid medium can be used in Petri dishes or flasks and is the growth 
medium used in most industrial fermenter vessels. In a typical fermenter, the 
growth medium (a broth) can be stirred, allowing nutrients and heat to be 
distributed evenly and aerobic conditions to be maintained (if appropriate). 
The composition of the growth medium can also be monitored and altered by 
the addition of substances; the growth medium can be withdrawn from the 
fermenter vessel for retrieval of useful products.

Solid media 

Solid medium is produced by the addition of agar (a jelly-like substance) to a 
liquid medium, causing the liquid to solidify. Most culture work carried out in 
schools uses a solid medium (poured into Petri dishes while molten).

Media are also classified by the composition of nutrients that they contain.

Complex media

The exact chemical composition of nutrients in this media is ‘undefined’ or 
unknown, because the source of amino acids is a complex meat or yeast 
extract. Complex media set with agar in Petri dishes is used routinely for the 
culture of microbes in schools.

Defined media

The chemical composition of the medium is known and is in a relatively pure 
form. Some genetic studies and nutritional studies require defined media.

ENVIRONMENT
In order to produce the maximum yield of product, it is important to 
maintain optimum environmental conditions (sterility, temperature, oxygen 
level and pH).

Algae are able to photosynthesise and are found in 
environments with available light and moisture.

Protozoa do not photosynthesise. Most are motile and catch 
other microbes as their food source.

Fungi (e.g. yeast) do not photosynthesise. Usually non-motile, 
they absorb nutrients directly from the environment.

Prokaryotes

Eukaryotes

Bacteria do not have a membrane bound nucleus. 

Archaea look similar to bacteria when viewed using a 
microscope, again lacking a true nucleus. However, the DNA 
sequences of organisms in this group are different from those 
of bacteria. The membranes and metabolisms of archaea are 
specialised to allow organisms of this kingdom to survive 
in extreme environments, such as thermal vents (with 
temperatures >100°C), extreme saline water and extremes of 
pH. Many produce methane gas, being found in the digestive 
systems of mammals such as cows and humans.  

SUSTAINABILITY AND INTERDEPENDENCE

THREATS TO BIODIVERSITY
INTRODUCED, NATURALISED AND  
INVASIVE SPECIES
An indigenous population is one which is native to a particular ecosystem 
and is present naturally without human intervention. An introduced species 
is a non-native species that has arrived in a new geographical area due 
to human activity, either intentionally or accidentally. When a non-native 
species spreads within wild communities, becomes established and can 
maintain its population through reproduction, it is known as a naturalised 
species. Invasive species are naturalised species which can spread rapidly 
and eliminate native species. They can have a negative impact in their new 
environment, since the absence of their usual predators, parasites, pests, 
diseases and competitors enables them to flourish and so outcompete native 
species for various resources. They may also prey on native species or 
hybridise with them. In Scotland, invasive species including giant hogweed 
and rhododendron are a threat to our native biodiversity. The grey squirrel, 
which was introduced to Britain in the nineteenth century, competes more 
successfully for both food and habitats and has caused a decline in the 
number of native red squirrels. 

CLIMATE CHANGE  
AND ITS IMPACT  
ON BIODIVERSITY
Greenhouse gases, such as carbon dioxide 
and methane, absorb and reradiate the 
warmth of the sun. However, burning fossil 
fuels, farming and other human activities are increasing the levels of these 
gases in the atmosphere, enhancing the greenhouse effect. This contributes 
to global warming and is responsible for dramatic climatic changes which 
affect characteristics of ecosystems, leading to a decrease in biodiversity. It 
has been predicted that climate changes due to human activity could lead to 
a mass extinction event in the not too distant future. Some of the effects of 
climate change on biodiversity are shown in the table below.

Effect of climate change Example/explanation

Change in distribution and 
abundance of species

Increased temperatures could force certain species 
to move to higher latitudes, where temperatures are 
more favourable to their survival.

Change in timing of  
seasonal events

Changes in the timing of key stages in the lifecycle 
of certain species, such as migration. Migrant 
species may arrive at a destination when food is  
not available. 

Changes in composition of 
plant and animal communities

Melting of ice in the Arctic can cause a decline in 
the abundance of ice algae. This can result in a 
decline in the numbers of other organisms in an 
Arctic food web, such as plankton, cod, seals and 
polar bears. 

Habitat loss Changes in temperature and rainfall mean that 
some plants can no longer survive where they are 
currently growing. Many animals, including insects, 
rely on plants as their habitat. The loss of plant 
species will result in loss of these habitats and, so, 
the loss of animal species.

Migratory species leave for 
breeding areas earlier in  
the year

Increased competition with resident species.

Increased sea temperatures Even a small rise in temperature (of 1°C) causes 
zooxanthellae algae to be ejected from coral polyps, 
which lose their colour. This is coral bleaching. 

It is important for scientists to be able to predict the impact of climate 
change on biodiversity in the future so that strategies can be developed for 
the conservation of species. Computer models can simulate the climate and 
predict temperature, rainfall, extreme weather events and their effects on the 
distribution of species. These models can only speculate future events and 
may not be completely accurate but the real challenge is to find  
ways of reducing the generation of greenhouse gases.
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HIGHER HUMAN BIOLOGY

HUMAN CELLS

GENE EXPRESSION
PHENOTYPE
Gene expression determines the phenotype of an organism. The proteins 
produced (enzymes, hormones, structural and transport proteins) all work 
together to determine the characteristics that are typical for a species. 
A specialised cell, such as a skeletal muscle cell, expresses two types of 
gene: those that are vital for its maintenance, such as the genes coding for 
respiratory enzymes, and those that are vital for its specialised function, for 
example the genes coding for the slow- and fast-twitch muscle fibres. All 
other genes are switched off. Characteristics that are unique to the individual 
(such as height and body mass) are the result of genotype and are influenced 
by intracellular and extracellular environmental factors. Diet, activity levels, 
stress levels and infection can all affect an organism’s internal environment, 
triggering changes in pH, chemical and hormone production. This, in turn, 
affects gene expression by switching genes on or off.

RNA
Ribonucleic acid (RNA) is a single-
stranded molecule made of nucleotide 
sub-units. Each nucleotide consists of 
a phosphate group, ribose sugar and 
a base. There are four different bases: 
adenine, uracil, guanine and cytosine. 

Strong chemical bonds form between 
the phosphate group of one nucleotide 
and the ribose of the next nucleotide 
to form an RNA molecule.

You should be familiar with the 
following types of RNA, all of which are involved in protein synthesis.

• Messenger RNA (mRNA) is formed during transcription of DNA in the 
nucleus and is the template for protein synthesis at the ribosomes. It 
dictates the sequence of amino acids in the protein being synthesised.

DNA mRNA

Type of sugar Deoxyribose Ribose

Bases Adenine, cytosine, 
guanine and thymine

Adenine, cytosine, guanine 
and uracil

Number of strands Two One

Location Only in nucleus Moves from nucleus to cytoplasm

 Comparison of DNA and mRNA

Transfer RNA (tRNA) carries specific 
amino acids to the ribosomes for 
translation of the genetic code. Base 
pairing within tRNA molecules causes 
the tRNA to fold into a clover-leaf 
shape with two distinct regions: an 
exposed triplet anticodon site and an 
attachment site for a specific amino 
acid. The anticodon matches to its 
complementary triplet codon on the 
mRNA strand, bringing its specific 
amino acid with it.

Ribosomal RNA (rRNA) binds 
to proteins to form ribosomes. A 
ribosome is composed of two sub-
units, one large and one small and 
is the site of protein synthesis; 
the small sub-unit ‘reads’ the code 
on mRNA and the large sub-unit 
provides active sites so that two 
tRNAs can bring their amino acids 
next to each other allowing peptide 
bonds to form between them.

PHYSIOLOGY AND HEALTH

ANTENATAL SCREENING TESTS
Maternal and foetal health screening tests include measuring maternal 
weight, height and blood pressure, as well as monitoring changes in  
particular chemicals.

Biochemical testing

Urine is tested for protein. This is an indicator of infection, diabetes  
or pre-eclampsia.

Blood tests include:

• Rhesus-antibody testing – females who are Rhesus negative and who 
have not developed anti-D antibodies will be offered anti-D injections at 
28 and 34 weeks of pregnancy and also after the birth.

• Anaemia – if anaemic, the female is offered iron and folic acid 
supplements.

phosphate base

ribose CAU G

hydrogen bond

chemical bond phosphate

ribose

phosphate base

ribose CAU G

hydrogen bond

chemical bond phosphate

ribose

tRNA

acceptor site
(on long arm)

anticodon
site

anticodon

amino acid

C
G

U

C CA A A A

U G G

U U U

peptide

mRNA

ribosome

tRNA – amino acid at ribosome

anticodon
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• Unit 3: Neurobiology and Communication

• Unit 4: Immunology and Public Health
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The increase in the flow of blood to the damaged tissue, as well as the secretion 
of cytokines by white blood cells in the damaged area, results in an increase in 
the number of phagocytes, antimicrobial proteins and clotting factors. 

• Cytokines stimulate the movement of phagocytes to the site of infection.
• The phagocytes engulf and digest the pathogens by phagocytosis.
• The antimicrobial proteins amplify the immune response.
• The increase in blood-clotting chemicals promotes the coagulation of blood 

at the damaged tissue, halting blood loss and preventing further infection.

Ultrasound imaging

In the UK, two ultrasound scans are usually offered. A dating scan is made 
at between 8 and 12 weeks, to allow the gestational age and due date to be 
determined. An anomaly scan is made at between 18 and 20 weeks to detect 
any physical problems.

Images are produced when high-frequency sound waves travel from a probe 
(transducer), through gel on the skin, and then bounce back from body 
organs. The great benefit of ultrasound images is that they can show, not only 
the structure of the baby’s organs, but also their movements and blood flow.

DIAGNOSTIC TESTING
If screening tests, family history or maternal risk category indicate the need 
for further testing, parents are offered diagnostic testing via amniocentesis 
and chorionic villus sampling.

Karyotyping

Once foetal cells have been obtained, they are grown in tissue culture. 
Pictures of the foetal chromosomes are taken during mitosis, and a karyotype 
is constructed. The complete foetal chromosome complement is analysed by 
arranging the chromosomes in order by size, shape and banding pattern. A 
genetic counsellor looks for missing, extra or abnormal chromosomes.

For example, the karyotype for Down’s syndrome shows there is an extra 
chromosome number 21. 

POSTNATAL SCREENING
After birth, it is possible to carry out biochemical tests for several inherited 
conditions, including phenylketonuria (PKU). Routine screening for PKU 
is currently undertaken in the UK after every birth. If it is not detected 
and treated very quickly after birth, postnatal development of the brain is 
affected. Affected individuals must be given a reduced phenylalanine diet.

IMMUNOLOGY AND PUBLIC HEALTH

IMMUNOLOGY
NON-SPECIFIC DEFENCES
Physical and chemical defences

The body has natural barriers to prevent entry by pathogens. Epithelial cells 
form the outer covering of skin and line the cavities of the body. They form a 
physical barrier and have specialised cells which produce secretions such as 
mucus, wax or oil to trap dirt and pathogens. Various glands in the skin and 
the tear glands produce chemicals with antimicrobial properties. Tears, saliva 
and sweat contain a powerful enzyme, lysozyme, which breaks down the cell 
walls of airborne pathogens. The mucus secreted by the epithelial cells of the 
respiratory tract and the upper gastrointestinal tract is sticky and so traps 
foreign particles, which are then swept upwards (as in the respiratory tract) 
or destroyed by phagocytes. Hairs in the nose trap foreign particles, and the 
cough and sneeze reflexes remove foreign bodies from the throat and nose. 
Stomach acid destroys many pathogens taken in with food.

Inflammatory response

The inflammatory response is the body’s reaction to injury or infection 
by pathogens and is localised to the site of injury or infection. Special 
white blood cells, called mast cells, present in the connective tissues of 
the body and in organs, play a key role. If tissue damage occurs, mast cells 
are activated and release the chemical histamine. Histamine increases the 
permeability of capillaries and causes blood vessels to dilate (vasodilation), 
increasing blood flow to the site of infection. 

WHITE BLOOD CELLS
There are several types of white blood cell which are part of the immune 
system and specialised to protect the body from infection by pathogens.

1 Phagocytes

The surface of every cell is covered with unique antigen molecules, usually 
proteins. Phagocytes recognise these antigens on the surface of pathogenic 
cells and destroy them by phagocytosis.

2 Natural Killer (NK) cells

NK cells kill cancer cells and cells 
infected with viruses. They are non-
specific and attack cells by releasing 
toxic proteins which perforate the 
membrane of the target cell and by 
releasing signal molecules which 
enter the cells via the perforations. 
These signal molecules stimulate 
the cells to produce enzymes 
which cause their own destruction: 
apoptosis or programmed cell death.

Both phagocytes and NK cells  
release cytokines which stimulate  
the specific immune response.

The Inflammatory Response

3. Phagocytes engulf and digest 
pathogens and damaged cells

2. Histamines cause vasodilation of 
capillaries and increases their permeability 
causing them to leak, releasing 
phagocytes and clotting factors

1. Damaged mast cells 
release histamine

4. Platelets and clotting 
factors seal the wound 
and trap pathogens

wound

phagocyte histamine bacteria

platelets

skin

Natural killer cells attack a cancer cell
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CHEMICAL CHANGES AND STRUCTURE

CONCENTRATION CALCULATIONS
The concentration of a solution is a ratio between the quantity of dissolved 
solute and the volume of the solution. Chemists express this ratio as a 
number of moles of solute per litre of solution (mol l–1):

concentration (C) = number of moles of solute (n)/
volume of solution in litres (V)

This equation can be represented by a formula triangle:

A 2 mol l–1 solution is twice as concentrated as a  
1 mol l–1 solution and ten times as concentrated  
as a 0∙2 mol l–1 solution.

In examples 1 to 3 below you will be given two of the three quantities in the 
triangle and asked to determine the third one.

1. Calculate the concentration, in mol l–1, of 200 cm3 of potassium  
nitrate solution containing 0∙1 mol of potassium nitrate?
Step 1 – Use the triangle to write down the correct relationship

C = n
V

Step 2 – Substitute values into the relationship

C = 0∙1
0∙2 = 0∙5 mol l–1

2. How many moles of solute are contained in 3 litres of a 2 mol l–1 
solution of sodium hydroxide?
Step 1 – Use the triangle to write down the correct relationship
n = C × V

Step 2 – Substitute values into the relationship

n = 2 × 3 = 6 mol

3. What volume of 1∙5 mol l–1 glucose solution contains 0∙30 moles  
of glucose?
Step 1 – Use the triangle to write down the correct relationship
V = nC
Step 2 – Substitute values into the relationship

V = 0∙30
1∙5  = 0∙2 litres As the concentration is given in mol l–1, 

the volume calculated is in litres

200
1000 = 0∙2; this is done to change cm3 to litres

3 as the question gives the volume in litres

EXAMPLE 1, 2 and 3

In these more complex examples the questions will  
refer to the mass of the solute. 

4. Calculate the concentration of a solution that  
contains 1∙12 g potassium hydroxide (KOH)  
in 250 cm3 of solution.

Step 1 – Use the ‘mass’ triangle to find the  
number of moles (n) of KOH
GFM KOH = (39) + (16) + (1) = 56 g

n = mass/GFM = 1∙12
56  = 0∙02 mol

Step 2 – Use the ‘concentration’ triangle

C = n
V = 0∙02

0∙25  = 0∙08 mol l–1

5. What mass of sodium nitrate (NaNO3) is required to make 100 cm3 of a 
2 mol l–1 solution of sodium nitrate?

Step 1 – Use the ‘concentration’ triangle to find the number of moles 
(n) of NaNO3.

n = C × V = 2 × 0∙1 = 0∙2 mol

Step 2 – Use the ‘mass’ triangle 

GFM NaNO
3
 = (23) + (14) + (3 × 16) = 85 g

mass = n × GFM = 0∙2 × 85 = 17 g

250
1000 = 0∙25; volume must be in litres

100
1000 = 0∙1; volume must be in litres

EXAMPLE 4 and 5

N5 CHEMISTRY

The National 5 Chemistry course is split into three 
units, each with a real-life theme. The course 
content will help you to develop knowledge and 
understanding of the chemistry around you. There 
will be plenty of opportunity to develop skills 
of scientific inquiry, as well as investigative and 
analytical thinking skills, within a chemistry context. 
Experimental work will allow development of 
planning and practical skills as well as building an 
awareness of safety considerations.
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NATURE’S CHEMISTRY

EVERYDAY CONSUMER PRODUCTS:  
ESTERS AND ALCOHOLS
WHAT ARE ESTER MOLECULES?
The table shows some ester structures and 
the flavour/fragrance that they give rise to. 

You may have noticed that the ester examples 
given all have a fruity flavour. This is a 
characteristic of esters and they are usually 
described as being sweet smelling.

Esters are made by reacting together a carboxylic 
acid and an alcohol. The carboxyl group of the 
acid and the hydroxyl group of the alcohol react 
together to form a new ester functional group 
–COO–. Look (right) at the structure of the ester 
that gives rise to a pear fragrance, ethyl ethanoate.

ESTER NAMES
Ester names are made up of two parts. The first part of the ester name comes 
from the alcohol that was used to make the ester (parent alcohol) and the 
second part of the ester name comes from the parent carboxylic acid.

If we use ethyl methanoate as an example, we can now work out that the 
alcohol that was used to make the ester has the prefix eth- and the carboxylic 
acid that was used to make the ester has the prefix meth-. The ‘oate’ ending is 
the part of the name that tells us that ethyl methanoate belongs to the ester 
family of compounds.

You do not need to be able to name esters but it is useful to be aware of how 
the names arise.

WHAT ARE ALCOHOL MOLECULES?
Alcohols are a group of compounds based on hydrocarbons that all have a 
hydrogen atom replaced with the –OH group (hydroxyl). They have many 
uses in our everyday life including alcoholic drinks and as disinfectants. 
Another major use for alcohols is in making esters.

The alcohol in drinks is called ethanol. Its name does not end in -ane. This is 
because there is an OH group in the molecule, which means that it is not part 
of the alkane homologous series. The -an- in the middle of the name tells us 
that there are only carbon-to-carbon single bonds in the molecule.

STRAIGHT-CHAIN ALCOHOLS
Let us look at the first four members of the straight-chain alcohols family.

Alcohol Full structural Formula Shortened structural 
formula

Molecular 
formula

methanol CH
3
OH

or
CH

3
–OH

CH
3
OH

ethanol CH
3
CH

2
OH

or
CH

3
–CH

2
–OH

C
2
H

5
OH

propanol CH
3
CH

2
CH

2
OH

or
CH

3
–CH

2
–CH

2
–OH

C
3
H

7
OH

butanol CH
3
CH

2
CH

2
CH

2
OH

or
CH

3
–CH

2
–CH

2
–CH

2
–OH

C
4
H

9
OH

The -ol ending is used to identify the presence of the –OH functional group, 
which characterises the alcohols.

The general formula for the straight-chain alcohols is C
n
H2n+1OH.

CHEMISTRY IN SOCIETY

CHEMICAL ANALYSIS: TITRATION
USING A VOLUMETRIC TITRATION TO  
ANALYSE WATER
Ammonium chloride, NH4Cl, is a salt used in farming as a fertiliser. As it is 
very soluble in water, it dissolves readily in soil and is absorbed through the 
roots of plants to encourage healthy growth. 

Unfortunately, heavy rainfall can cause the ammonium chloride to be washed 
out of the soil and into local streams or rivers, causing water pollution. 
Samples of water collected from nearby streams and rivers can be analysed 
to determine the quantity of chloride ions present in water supplies and 
hence the extent of the water pollution.

The water samples are titrated against a silver nitrate solution of known 
concentration in the presence of potassium chromate. Any chloride ions 
present in the water sample will react with silver ions from the silver nitrate 
solution to form a precipitate of silver chloride. 

Once this reaction has taken place, any unreacted silver ions remaining in the 
silver nitrate solution will form a brick-red precipitate of silver chromate; its 
presence indicates the end-point of the reaction.

The balanced equation for the titration is:

Ag+(aq) + Cl–(aq) → AgCl(s)
1 mole   1 mole

number of moles of silver ions used = number of moles of chloride ions 
present in the sample

Results

Rough titre 1st titre 2nd titre

Initial burette reading (cm3) 0.0 10.8 21.0

Final burette reading (cm3) 10.8 21.0 31.4

Titre volume (cm3) 10.8 10.2 10.4 

Calculations

Average titre volume of silver nitrate used:
10.2 cm3 + 10.4 cm3

2

= 10·3 cm3

Number of moles of silver ions, Ag+, in the silver nitrate solution (Ag+NO3–):
n = C × V (where volume is in litres)
C = 0·05 mol l–1 v = 10.3

1000  
n = 0·05 × 0.0103
= 5·15 × 10–4 moles 
Number of moles of Cl– ions in the  
water sample:
From the equation:
Ag+(aq) + Cl–(aq) ⇌ AgCl(s)
1 mole  1 mole  1 mole
If there are 5·15 × 10–4 moles of Ag+ ions, then 
there must be 5·15 × 10–4 moles of Cl– ions in 
the 25 cm3 sample of water.
Concentration of Cl– ions in the water sample:
n = C × V
so
C = n

V

C = 5·15 × 10–4

0·025

= 0·0206 mol l–1

The concentration of chloride ions calculated 
can be used to monitor the levels of pollution 
in the local water systems.
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CHEMICAL CHANGES AND STRUCTURE

CONTROLLING THE RATE OF  
A CHEMICAL REACTION
Chemists must control the rates of chemical reactions. If these rates are too 
low, a manufacturing process will not be economically viable; too high and 
there is a risk of an explosion.

REACTION PROFILES
A potential energy diagram is used to show the energy pathway for a 
chemical reaction. It shows how the potential energy changes as the 
reactants change into the products.

The potential energy changes for 
an exothermic reaction are shown 
diagrammatically right.

Enthalpy is a measure of the 
chemical potential energy contained 
in a substance.  Enthalpy is given 
the symbol H. During a chemical 
reaction there is an enthalpy change 
when the reactants change into the  
products. It is possible to measure 
the enthalpy change that takes place in a chemical reaction. This is measured 
in kJ and when it is calculated for one mole of substance the units are kJ mol–1.

The enthalpy change that takes place during a chemical reaction is given the 
symbol ΔH and is equal to the difference in enthalpy between the products and 
the reactants – that is, ΔH = HP – HR, where HP is the enthalpy or chemical 
potential energy of the products and HR is the enthalpy of the reactants.

The enthalpy change for a chemical reaction can be calculated from the 
potential energy diagram for that reaction.

NATURE’S CHEMISTRY

FATS AND OILS
STRUCTURE OF FATS AND OILS
Edible fats and edible oils are naturally occurring compounds and can be 
obtained from a number of different sources, including:

• animal sources – for example, beef fat, butter fat, pork fat (lard)
• vegetable sources – for example, olive oil, sunflower oil, linseed oil, 

rapeseed oil
• marine sources – for example, cod liver oil, sardine oil, whale oil.

These are all examples of esters and are formed by 
condensation reactions between the alcohol, glycerol, 
and carboxylic acids known as fatty acids.

The structural formula of glycerol is shown right:

Glycerol is an alcohol and, as it contains three hydroxyl groups, it is known 
as a triol. It has –OH groups attached at C-1, C-2 and C-3 and its systematic 
name is  propane-1,2,3-triol. Note that in naming alcohols with two or more 
hydroxyl groups the parent alkane name is used in full – that is, we do not 
drop the ‘e’ off the end as we do with alcohols containing just one –OH group.

Fatty acids are straight-chain carboxylic acids containing even numbers of 
carbon atoms ranging from C4 to C24, although the most common are C16 and 
C18. They can be saturated or unsaturated.

Stearic acid is an example of a C18 saturated fatty acid and it has the 
following structural formula:

CH3CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2COOH
stearic acid (saturated)

Oleic acid, on the other hand, is an example of a C18 unsaturated fatty acid:

CH3CH2CH2CH2CH2CH2CH2CH=CHCH2CH2CH2CH2CH2CH2CH2CH2COOH
oleic acid (unsaturated)

Because a glycerol molecule contains three hydroxyl groups, it will condense 
with three fatty acid molecules to form the esters present in fats and oils:

glycerol and fatty acids

(R, R' and R" represent the hydrocarbon chains of the fatty acids) 

ester in fat or oil

OHCH

OHCH

H

H

H

CHOOHC

O

R'

HO C

O

R

HO C

O

R"

OCH

OCH

H +

H

H

COC

O

R'

C

O

R

C

O

R"

3H
2
OÝ

An ester formed from glycerol is called a glyceride and so the esters present 
in fats and oils are referred to as triglycerides. Any fat or oil contains a mixture 
of triglycerides. In some fats and oils all the fatty acid groups are the same, 
whereas in others they are different.

HIGHER CHEMISTRY
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considerations in manufacturing. The course will 
also allow you to better understand the chemistry 
behind the products you buy. 
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CHEMISTRY IN SOCIETY

GETTING THE MOST FROM REACTANTS 
PERCENTAGE YIELD CALCULATIONS

Example: 
When excess ethanoic anhydride was added to 14∙4 g of salicylic acid, 6∙26 g of 
aspirin were obtained.

Calculate the percentage yield of aspirin given that the balanced equation for the 
reaction is:

C
7
H

6
O

3

salicylic acid

mass of one mole
= 138∙0 g

C
4
H

6
O

3

ethanoic anhydride

mass of one mole
= 102∙0 g

C
9
H

8
O

4

aspirin

mass of one mole
= 180∙0 g

C
2
H

4
O

2

ethanoic acid

mass of one mole
= 60∙0 g

OH

OHO

C

O

O

C

OHO

C

CH
3

O

C

OH

H
3
C

O

O

O

CH
3
C

CH
3
C ++

Answer: 
We must first calculate the theoretical yield of aspirin assuming a 100% conversion 
of reactants into products. We can do this in the usual way using the balanced 
equation for the reaction.

Although the mass of one mole of all the reactants and products are given in the 
question, we really only need the mass of one mole of salicylic acid and aspirin in 
the calculation.

 C
7
H

6
O

3
  +  C

4
H

6
O

3
 → C

9
H

8
O

4
 + C

2
H

4
O

2 

 1 mol    1 mol 
 138∙0 g     180∙0 g 
 14∙4 g     180∙0 g × 14∙4

138∙0 = 18∙78 g

The theoretical yield of aspirin is 18∙78 g and the actual yield is 6∙26 g. So by 
substituting these values into the percentage yield expression we obtain:

Percentage yield = 
actual yield

theoretical yield  × 100 = 6∙26
18∙78 × 100 = 33·3%

RESEARCHING CHEMISTRY

LABORATORY APPARATUS
Familiarise yourself with diagrams of laboratory apparatus and techniques. 
Here are a selection of the ones you should learn:

A diagram showing an 
evaporating basin being heated 
to boil off the solvent.

gas

delivery tube

water

reactants

A diagram showing the 
collection of gas over water.

A diagram showing safe 
heating using a water bath.

A diagram showing filtration 
which is used to separate a 
solid from a liquid.

�

�

hot watertest tube 
containing
reaction 
mixture

beaker

residue

filter
funnel

filter
paper

conical
flask

filtrate

original
mixture

beaker

Pipette with a 
safety filler.

10ml
3.0

2.0

4.0

meniscus
(3∙30 ml)

A diagram showing how to 
accurately read the volume 
of liquid in a burette.

evaporating
dish

solution

Be ready for exam success with 30% off all books at www.brightredpublishing.co.uk using BRIGHTSCOTS
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NATIONAL 5 PHYSICS

The National 5 Physics course covers many of the 
major areas of physics. It will give you an insight 
into the underlying nature of our world and its place 
in the universe. From the sources of power that we 
use, to the exploration of space, it covers a range 
of applications and relationships that have been 
discovered through experiment and calculation, 
including those used in modern technology. 

ENERGY AND ELECTRICITY

STANDARD ELECTRICAL COMPONENTS
LIGHT EMITTING DIODE (LED)
Nowadays light emitting diodes 
are used in many different 
applications where an indicator 
light or a powerful light beam 
is required. LEDs use very 
little energy compared with 
conventional filament lamps 
which produce a lot of wasted 
heat energy. Also, LEDs have a 
longer life.

They are low voltage devices and 
commonly operate at a voltage 
of around 2 V and a current of 
around 20–200 mA. When used 
with a supply of more than 2 V, 
they are connected in series with 
a resistor, R, in a voltage divider 
circuit. This protects the LED from 
damage due to too large a voltage 
or current.

Remember, LEDs are diodes and only conduct if they are connected in 
circuits in the correct orientation.

When calculating the resistance of the resistor which protects the LED, 
information such as the operating current and 
voltage of the LED will  
be provided.

Calculate the resistance of R that allows the  
LED to operate at the correct voltage and current.

First calculate the voltage across resistor R.

V
R
 = V

S
 – V

LED
 = 4∙5 – 1∙8 = 2∙7 V

Then use Ohm’s Law to calculate the resistance of R.

R = 
V
I

 = 
2∙7

15 x 10–3  = 180 Ω

EXAMPLE

WAVES AND RADIATION

TYPES OF WAVES
There are two types of waves.

Sound energy is transferred by longitudinal waves. Light energy is 
transferred by transverse waves. Water and sound waves require particles 
to vibrate in order for energy to be transferred. 

Water waves, when viewed from above, can be represented by a series of lines 
that are straight or curved depending on the wave pattern. Each line represents 
the crest of a wave. The distance between two lines is one wavelength.

A slinky is used to show 
some wave properties. 
A simplified diagram of 
a wave produced by a 
slinky is shown here.

(a) Determine the amplitude of the wave.   a = 
0∙4
2

 = 0∙2 m

(b) Calculate the wavelength of the wave.

There are four complete waves in 8 m. So, d = length all four waves = 8 m.  
N = number of complete waves = 4 waves

λ = 
d
N

 = 
8
4

 = 2 m

EXAMPLE

An LED Screen TV

4·5 V

LED 1·8 V  15 mA

+ –

R

The symbol for a light 
emitting diode

In longitudinal waves each spring 
particle moves back and forth 
around a central position

In transverse waves the spring 
particles move up and down 
around a central position

wave directionlongitudinal wave

transverse wave

wave directionparticle direction

particle direction

These diagrams show the direction of wave travel and the 
direction of vibration of the particles

Long wavelength
water waves
viewed from
the side

water waves
viewed from
above

Short wavelength

λ λ λ λλ

8 m

0·4 m

Water waves

ISBN: 978-1-906736-44-6; 96pp
RRP: £12.99
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DYNAMICS AND SPACE

WORK AND ENERGY
ENERGY TRANSFER
Energy can be transformed from one type to another. Consider a cyclist 
accelerating on a level road, then freewheeling up and down a small hill, and 
finally braking to rest. The various energy transformations are described in 
the diagram.

Energy transformations
A–B chemical energy to kinetic energy as cyclist accelerates from rest
B–C kinetic energy to gravitational potential energy
C–D gravitational potential energy to kinetic energy
D–E kinetic energy to heat energy as cyclist brakes and decelerates

Work done

Work done is another name for the amount of energy required when a force, 
F, is applied to move an object over a distance, d. Work is a scalar quantity. 

The relationship for work is:  Ew = Fd, 

where:   Ew is the work done (in joules, J)    F is the force applied (in newtons, N) 
d is the distance (in metres, m).

A force of 70 N moves a wheelbarrow over a distance of 30 m.  
Calculate the work done.

E
w 

= Fd = 70 × 30 = 2100 J

EXAMPLE 1

During a short journey, a metro train exerted a force of 7∙5 kN and did  
2∙5 × 106 J of work. Calculate how far the train travelled.

d = 
E

w

F
 = 

2∙5 × 106

7∙5 × 103  = 333 m

EXAMPLE 2

A box has a weight of 65 N. It is lifted from the ground 
through a height of 0∙5 m at a constant speed.

(a) State the minimum force required to lift the box.

The minimum force is 65 N. Since the box is lifted at 
constant speed, the upward force must balance the 
weight acting downwards.

(b) Calculate the work done lifting the box if its 
weight is 65 N.

E
w 

= Fd = 65 × 0∙5 = 32∙5 J

EXAMPLE 3

In many situations, when work is done, it is to overcome a frictional force. 
For example, when a car is moving along a road, there are frictional forces 
(resistive forces) opposing the motion. The car engine has to do work against 
friction, even when travelling at constant speed.

A 1100 kg car travelled along a 2∙5 km-long road at constant speed. The car engine 
exerted a force of 3∙5 kN.

(a) State the size of the frictional force acting on the car.

3∙5 kN (Since the car moves at constant speed, the engine and friction forces are 
balanced.)

(b) Calculate the work done against friction.

E
w 

= Fd = 3∙5 × 103 × 2∙5 × 103 = 8∙75 × 106 J

EXAMPLE 4

TERMINAL VELOCITY
When an unbalanced force acts on an object, it accelerates 
(Newton’s second law). When the forces acting on a moving 
object are balanced, it moves at a constant velocity (Newton’s 
first law). Terminal velocity occurs when the forces acting 
on a moving object become balanced.

Consider a skydiver jumping from an aircraft. The skydiver 
accelerates due to his weight and his velocity increases. As 
the velocity increases, the upward air resistance force also 
increases. Eventually these two forces balance. 

The skydiver then falls at constant velocity. This is known 
as terminal velocity. (For skydivers this velocity is about 
56 m s–1.) When the skydiver deploys the parachute, the area 
of the parachute makes the skydiver and parachute far less 
streamlined. The air resistance force increases rapidly.

This causes an upward force which decelerates the 
parachutist. Eventually the weight and air resistance forces 
balance again at a velocity of about 6 m s–1. The skydiver 
now falls at a terminal velocity of 6 m s–1, a safer velocity for 
landing than 56 m s–1!

A speedboat of mass 800 kg is initially at rest 
on a lake. The speedboat’s engine is started 
and it produces a constant force of 5 kN. As the 
speedboat accelerates, the frictional force on it 
increases. A graph of the force of friction acting 
on the speedboat against time is shown.

(a) State the force of friction acting on the  
speedboat 3 s after its engine is switched on.

4 kN

(b) Calculate the acceleration of the speedboat at this time.

Unbalanced force acting on speedboat = 5000 – 4000 = 1000 N

a = 
F
m

 = 1000
800

 = 1∙25ms–2

(c) Describe and explain the movement of the speedboat after 7 s.

The engine force and frictional forces are balanced. The boat reaches its  
terminal velocity.

EXAMPLE

COSMOLOGY
LIGHT YEAR
The light year is a unit of distance used in astronomy. A light year is defined 
as the distance that light travels in one year.

d = vt     so 1 light year  = 3 × 108 × 365∙25 × 24 × 60 × 60 = 9∙47 × 1015 m

(Note that for this calculation 365∙25 days – the average number of days in a 
year – is used.)

To reach the Earth, light takes approximately:

• 8 minutes from  
the Sun

• 4∙3 years from the 
next nearest star

• 100 000 years  
from the edge of  
our galaxy.

Scientists believe that a black hole exists inside the Orion nebula, at a 
distance of 7800 light years from Earth. 
(a) Change this distance into metres.

d = vt = 3 × 108 × 7800 × 365∙25 × 24 × 60 × 60 = 7∙4 ×1019 m

(b) Explain why scientists use light years instead of metres when 
describing distances between stars and galaxies.
When huge distances, such as those connected with stars and galaxies,  
are calculated in metres, it is difficult to make comparisons because all of  
the results are so large. Light years are easier to interpret and compare.

EXAMPLE

A B

C

D E

upward
force
65 N

downward
force
65 N

constant
speed

0 1 2 3 4 5 7 8 9 106
0

1

2

3

5

4

Time (s)

Fo
rc

e 
of

 fr
ic

tio
n 

(k
N

)

When velocity 
and air resistance 
balance, the skydiver 
falls at constant 
(terminal) velocity

air resistance 650 N

weight 650 N

56 ms–1

air resistance 
650 N

weight
650 N

6 m s–1
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HIGHER PHYSICS

RESEARCHING PHYSICS

SKILLS, RESEARCH AND INVESTIGATIONS
SKILLS, KNOWLEDGE AND UNDERSTANDING
As you study and carry out practical research and investigations in physics, 
you will develop skills as well as knowledge and understanding. Here are 
some skills you should aim for:

• demonstrate knowledge and 
understanding of physics by 
making statements, describing 
information, providing explanations 
and integrating knowledge

• apply physics knowledge  
to new situations, interpreting 
information  
and solving problems

• plan and design experiments or 
practical investigations to test  
given hypotheses

• undertake experiments competently and safely, recording detailed 
observations and collecting data

• use a variety of methods to select and present information appropriately
• process information using the correct significant figures and units
• make estimates and predictions
• draw valid conclusions and explanations backed up by evidence  

or justification
• evaluate experimental procedures, identifying sources of error and 

suggesting improvements
• communicate findings or information effectively.

RESEARCH
When researching unfamiliar areas of physics, either for a topic you 
are studying, or for an assignment, you should start with some written 
questions which you want to find out about. You can use printed resources, 
video or audio materials, websites or key phrases to enter into a search 
engine. When studying the topics in this book, you will find online and video 
references to develop your understanding of the topic. 

You may wish to pursue further links to deepen your knowledge or 
understanding. You will be aware that not all sources are reliable and so you 
should collect and synthesize information from different sources. Take note 
of the sources used and also note key phrases or pieces of information as 
you go so that you can draw up explanations and conclusions in your own 
report later. List any justification of your findings.

INVESTIGATIONS
During your course you should gain experience of planning and carrying 
out practical investigative work. When you carry out a formal investigation 
you should use standard laboratory equipment if possible. Any unfamiliar 
equipment required should be researched or demonstrated to you.

When carrying out a formal investigation you should report it to a standard 
appropriate for a ‘Higher’, taking account of the following:

• Numerical results should be recorded in tables and graphs as 
appropriate. Headings and axes must be labelled and appropriate  
scales used. 

• Lines of best fit to curves or straight lines should be drawn. 
• Consider how relationships should be expressed. Straight lines could be 

expressed in the form y = mx + c and the gradient and intercept on the 
y-axis used to find m and c. Or relationships could simply be stated as 
direct or indirect variation.

• Measurements should be repeated as appropriate and a mean  
value calculated. 

• Scale-reading uncertainties should be estimated and expressed in 
absolute or percentage form. 

• When measuring more than one physical quantity, the quantity with the 
largest percentage uncertainty should be identified and this can be used 
as an estimate of the percentage uncertainty in the final result. 

• The final numerical result of an experiment should be expressed in the 
form: final value ± uncertainty.

ESTIMATES AND OPEN-ENDED QUESTIONS 
Estimates

In this course you will study ranges of scale from sub-atomic particles to 
the largest expanse of the universe. You will be able to make an intelligent 
estimate of not only distances but quantities from other topics in physics. It 
helps to have your own mental list of familiar items to provide a mental ruler.

Open-ended questions

An open ended question is typically of the form Use your knowledge of physics 
to explain ... .

You should make a statement of principle(s) involved, and/or a relationship 
or equation, and apply these to respond to the problem/situation. Develop 
and justify your argument. You will gain more marks for breadth and depth 
of understanding. Be aware you may have to correct a false statement. 
Explain how the physics applies.

Some skills to develop:  
the hardest is on top

Creating

Evaluating

Analysing

Applying

Understanding

Remembering

ISBN: 978-1-906736-67-5; 96pp
RRP: £12.99
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• Particles and waves

• Electricity
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OUR DYNAMIC UNIVERSE

THE EXPANDING UNIVERSE
THEORIES ON THE EXPANDING UNIVERSE
Is the universe finite or infinite? Has it always existed or did it begin at 
some point in the past? Can we work out its size or age? These are the 
types of questions that astronomers have pondered for hundreds if not 
thousands of years.

Newton, having discovered the law of gravity, realised that it was always  
an attractive force, and so a finite universe would collapse in on itself. 

Olbers thought that the universe must be finite or the sky would be filled 
with light everywhere. 

Einstein’s equations, from his General Theory of Relativity about gravity, 
told him the universe should either be expanding or collapsing, which 
contradicted his view that the universe was static.

Hubble, studying the redshift from galaxies, came to the explanation that the 
universe is expanding. Most scientific studies tend to reinforce this idea.

The expanding universe is finite in both time and space.

If the universe has always been expanding, will it continue to expand forever, 
will it expand at a constant rate or will it cease expanding and collapse in again?

It is thought that what happens to the universe can be determined by 
measuring how fast the universe expands relative to how much matter the 
universe contains. For the last 80 years, astronomers have been making 
increasingly accurate measurements of

• the rate at which the universe expands
• the average density and mass of matter in the universe.

MASS OF A GALAXY
We can estimate the mass of a galaxy by the orbital speed of the stars within it.

Stars in a more massive galaxy will orbit faster than those in a lower mass 
galaxy. The greater gravity force of the massive galaxy will cause larger 
accelerations of its stars. Star speeds tell us how much gravity there is in the 
galaxy. As gravity depends on mass and distance, the size of the star orbits 
allow us to derive the galaxy’s mass.

We find that although most light and other radiations emit from near the centre, 
most mass is calculated as being near the edge of a galaxy. What is happening?

DARK MATTER
The stars and gas in most galaxies are moving much quicker than their 
luminosity predicts, so something must be adding to gravity that we cannot 
see. Does a new type of matter exist? Astronomers consider it may be made 
of planets, brown dwarfs, white dwarfs, black holes, or neutrinos but as it 
does not seem to emit any radiation we can detect (telescopes do not see it) 
it is assumed to be made of a new type of matter or exotic particles which 
we do not yet know about.

The overall mass of this new dark matter must be about five times the mass 
of matter we do know about.

DARK ENERGY
Gravity is the force which slows down the expansion of the universe. However 
not only does the universe appear to be expanding but the rate of expansion 
appears to be increasing.

That acceleration implies an energy that acts in opposition to gravity, which 
would cause the expansion to accelerate. Just like dark matter, this energy 
has never been detected directly through observation, and it has been given 
the name dark energy. 

Dark energy is assumed to exist throughout the universe. Where galaxies 
are grouped together, gravitational force may predominate but distant 
galaxies are driven apart by this unknown energy.

PARTICLES AND WAVES

THE PHOTOELECTRIC EFFECT
We learn from the Hertz and Hallwachs 
experiments that electromagnetic radiation and 
electrons can interact. When certain metals are 
exposed to high frequencies of electromagnetic 
radiation (such as ultra-violet light), electrons 
are ejected from the surface. 

This interaction between light and electrons is 
called the photoelectric effect.

There is a minimum threshold frequency f0 for 
this effect to occur.

PHOTOELECTRIC CURRENT
The electrons ejected from the surface of a metal by electromagnetic 
radiation can be called photoelectrons.

By 1902, Philipp Lenard, an 
assistant of Hertz, had published 
more detailed results of his 
experiments into the photoelectric 
effect. (A Hungarian/German, his 
studies were awarded with a Nobel 
Prize. He went on to develop Nazi 
sympathies. You may find this useful 
for your interdisciplinary studies.)

The metal plate is enclosed in a vacuum. Photoelectrons ejected from the 
plate can be accelerated through the electric field between the plates and 
cross the vacuum to form a photoelectric current.

The results are consistent with our previous findings:

• Electrons are ejected. (Reactive 
metals have outer electrons that 
are easy to eject.)

• There is a minimum threshold 
frequency f0 for this effect 
to occur.

• For frequencies less than the 
threshold, increasing the intensity 
has no effect.

• For frequencies greater than 
the threshold, increasing the 
irradiance increases the current.

For frequencies greater than the threshold value, the photoelectric current 
produced by monochromatic radiation is directly proportional to the 
irradiance of the radiation at the surface.

There is a famous 
problem with these 
results. Why cannot 
low frequency 
radiation build up 
enough energy on an 
electron to eject it?

Light cannot be a 
continuous wave – 
otherwise the bright, 
low-frequency wave would build enough energy on an electron to eject it. 
Also an increase in irradiance of a low frequency wave provides more energy 
and should have an effect.

For classical wave theory, the irradiance should have an effect and the 
frequency should not. The results say the opposite.

• Photoelectric emission from a surface occurs only if the frequency  
of the incident radiation is greater than some threshold frequency f0 
(which depends on the nature of the surface).

• For frequencies smaller than the threshold value, an increase in  
the irradiance of the radiation at the surface will not cause  
photoelectric emission.
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EXAM TIMETABLES AND TIPS

IN THE EXAM
THE EXAM CHECKLIST
You have worked really hard during the build-up to the exam, so now it’s time 
to put everything you have learned into practice. Do this, and you can be 
confident that you will perform well.

The following exam checklist can help you to gain marks in the exam. Make 
this part of your routine when you are practising past paper questions.

1 Read the instructions carefully.
2 Read the whole question first.
3 Note how many marks are to be awarded.
4 Which instruction words are used?
5 Underline the keywords in the question.
6 Answer your strongest section first.
7 Write the times.
8 Use diagrams.
9 If you are running out of time – prioritise.
10 If you are running out of time – use bullet points.
11 If you have time left at the end of the exam: 

• Go back to any sections that you missed out or feel you didn’t answer 
as well as you could. Try to complete the answer or add more depth 
and detail into your work.

• Read over your answers. Make sure that what you have written is 
what you meant and will be understood by the examiner. You can also 
correct any spelling or grammatical errors.

EXAM TIMETABLES

Please note: 2b is continued at the end of 
the answer paper. 

Question 2b continued. 

• If you find you have made a mistake, correct it by using the space 
in the margin if necessary. If you don’t have space, then draw a line 
through the incorrect part and put the amendment at the end of the 
answer paper. Write a comment to tell the examiner to look for the 
correct answer at the end of the paper – for example: 

At the end of the paper, clearly mark which question the amendment 
is for – for example: 

THINGS TO REMEMBER
As you go into the exam room, your adrenalin will probably be pumping 
and you will feel nervous. That’s natural. Take a deep breath, start to read 
the paper and focus on the techniques and knowledge you have used in 
your preparation to give you the confidence to produce great answers.

After the exams, sit back, relax and look forward to your results – you’ve 
worked for them!

GOOD LUCK FROM THE TEAM AT BRIGHT RED!

Monday 9 May
Morning

Course Level Time

Biology Higher 09:00 - 11:30
Afternoon

Course Level Time

Biology National  5 13:00 - 15:00

Human Biology Higher 13:00 - 15:30

Wednesday 18 May 
Morning

Course Level Time

Chemistry Higher 09:00 - 11:30
Afternoon

Course Level Time

Chemistry National  5 13:00 - 15:00

Tuesday 24 May
Morning

Course Level Time

Physics Higher 09:00 - 11:30
Afternoon

Course Level Time

Physics National  5 13:00 - 15:00
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