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Animal and plant cells are eukaryotic cells; 

they have all their genetic information  

enclosed within a nucleus. 

 

 

 

 

 

 

Bacterial cells are much smaller than 

plant and animal cells. Bacteria are 

prokaryotic cells; Their genetic  

information is not enclosed in a nucleus, 

but is a single DNA loop with one or 

more small rings of DNA called  

plasmids. 

Some bacterial cells have a  

slime capsule (for protection) and  

flagella (for movement). 

Scientists’ knowledge of cells and their 

structures has improved over time due 

to the invention of microscopes with 

higher magnifications and better  

resolutions. 

Mid-17th Century: Light microscopes 

were developed and  

allowed magnifications  

of around 2000 times.  

 

1930s: The electron microscope was 

invented and allowed magnifications of 

around 2000000 times. They also have 

much better resolutions.  

 

   Magnification =  

Specialised animal cells: 

 

 

 

 

- A long axon that carries impulses 

from one place to another. 

- Synapses to pass on impulses via 

neurotransmitters. 

- Dendrites to connect to other 

nerve cells. 

 

 

 

- Contain proteins that slide over 

each other making the cells  

contract. 

- Contain stores of glycogen for 

energy. 

- Contain many mitochondria to 

release energy. 

 

 

 

 

 

- Long tail for movement. 

- Middle section containing  

mitochondria to release energy for 

movement. 

- Acrosome contains digestive  

enzymes for breaking down the 

outer layer of the egg cell. 

Specialised plant cells: 

 

 

 

 

 

 

- Large surface area to allow 

water to move into the cell. 

- Many mitochondria to release 

energy for active transport of 

minerals. 

                                  - Dead cells  

                                  that form a  

                                  hollow tube 

                                  for  

                                  transporting      

                                  water. 

                                 - Lignin spirals 

                                  provide   

                                  strength. 

 

- Hollow 

vessel 

for carrying 

food. 

- Sieve 

plates 

allow  

water carrying dissolved food to 

move freely through the tube. 

- Supported by companion cells 

to keep them alive. 

Biology paper 1: Cell Biology 

Cell part Function 

Nucleus Controls cell activities and 

contains the genetic  

information. 

Cytoplasm A liquid gel where most of 

the chemical reactions  

needed for life take place. 

Cell membrane Controls the passage of 

substances into and out of 

the cell. 

Mitochondria Respiration takes place 

here, releasing energy. 

Ribosomes Protein synthesis takes 

place here. 

Cell wall Strengthens the cell and 

gives it support. Made of 

cellulose. 

Chloroplasts Contain chlorophyll to  

absorb light for  

photosynthesis. 

Vacuole Filled with cell sap to keep 

the cell turgid. 

Size of image 

Size of real object 
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Biology paper 1: Cell Biology 

The nuclei of body cells contain all of the genetic information for an organism in chromosomes. Body cells are diploid cells because they contain  

46 chromosomes (23 pairs). 

Sperm cells and egg cells (gametes) are haploid cells because they only contain 23 chromosomes (one from each pair). During fertilisation, the sperm and 

the egg combine to produce a new body cell (called a zygote) containing the full set of 46 chromosomes.  

Mitosis is a type of cell division that is used for 

growth and repair, or asexual reproduction. Mitosis 

produces two identical daughter cells that are  

diploid. 

Mitosis is part of a three-stage cell cycle: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In young animals mitosis is very important for growth. 

In mature animals it is mainly used for repair and  

replacement of cells. 

Meiosis is a type of cell division that produces  

gametes (sperm cells and egg cells) for sexual  

reproduction. Meiosis produces four genetically  

different daughter cells that are haploid.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meiosis is similar to mitosis, except that the cell  

divides twice after DNA replication, producing four 

daughter cells with only 23 chromosomes each. 

The daughter cells are gametes and contain  

random mixtures of the  original chromosomes.  

After a zygote is produced by fertilisation, it  

reproduces by mitosis. Mitosis produces identical 

cells. However, not all of the cells in an organism 

are the same.  

In the early development of animal or plant  

embryos, the cells are unspecialised cells called 

stem cells. 

Stem cells can differentiate into specialised cells 

to carry out specific functions within an organism, 

 

Cell differentiation in animals: 

In embryos, there are embryonic stem cells that 

can differentiate into any type of specialised cell. 

Later in life, adult stem cells can only differentiate 

into one specific type of specialised cell. 

 

Cell differentiation in plants: 

Meristem tissues in plants can differentiate into 

any type of cell throughout the entire lifetime of 

the plant. Meristem cells are formed at the tips of 

the roots and shorts of the plant, and are used for 

elongation and differentiation. 

 

Uses of stem cells: 

- Cloning can be used to quickly and  

economically produce clones of plants  

for particular features (such as disease resistance).  

- Therapeutic cloning in animals could potentially 

help to cure medical conditions such as diabetes 

or paralysis. 

The first stage is the longest: 

the cells replicate their DNA 

to produce two copies of 

each chromosome and  

increase the number of  

sub-cellular structures (such 

as mitochondria, ribosomes) 

ready for the cell to divide. 

The second stage is mitosis: 

one set of each  

chromosome is pulled to 

either end of the cell. The 

nucleus divides. 

During the third stage, 

the cytoplasm and the 

cell membrane divide to 

produce two identical 

daughter cells. 

The number of  

chromosomes in the 

nucleus is doubled. 

The first division 

produces two 

diploid cells. 

A second 

division  

produces 

four haploid 

cells. 

Page 2 



Cells are the basic building  

blocks of all living organisms. 

Tissues are groups of cells  

with similar structures and  

functions working together. 

Organs are groups of tissues  

working together to perform 

a specific function. 

Organ systems are groups  

of organs with a particular role. 

An organism is made up of organ systems. 

 

The leaf is a plant organ, containing many 

different tissues: 

 

 

 

 

 

 

 

 

 

These plant tissues (made up of specialised 

cells) carry out specific roles: 

Epidermal tissues cover the surface of the 

plant for protection. They also waterproof the 

leaf. 

Palisade mesophyll tissues contain a lot chlo-

roplasts for photosynthesis. 

Spongy mesophyll tissues have large air  

spaces to let gases diffuse through the leaf.  

Xylem carries water around the plant. 

Phloem carries dissolved food around the 

plant. The movement of food molecules 

through phloem tissue is called translocation. 

 

Plants also contain meristem tissues. 

Diffusion:  

Diffusion is the net movement of  

particles in a substance from an area of 

high concentration to an area of lower 

concentration. 

 

 

 

 

 

                                Substances such as  

                                glucose, oxygen and                            

                                carbon dioxide  

                                move into and out of 

                                cells by diffusion 

                                across the cell 

                                membrane. 

 

O2 and CO2  

diffuse into and 

out of the  

alveoli in the  

lungs during 

breathing.                            

                                        O2 and CO2  

                                        diffuse into and  

                                        out of leaves 

                                        through  

                                        stomata.     

 

 

The rate of diffusion is increased by: 

- a bigger difference in concentration 

(a higher concentration gradient) 

- higher temperatures 

- a larger surface area for substances to 

diffuse across. 

Osmosis: 

Osmosis is the diffusion  

of water molecules  

from an area of high  

water concentration  

to an area of low  

water concentration, across a  

partially permeable membrane. 

 

A dilute sugar solution has a high  

water concentration (and a low  

concentration of sugar). 

A concentrated sugar solution has a 

low water concentration (and a high 

concentration of sugar). 

 

Concentration gradients can make 

water move into or out of cells by  

osmosis: 

 

 

 

 

 

 

 

A hypotonic solution is one with a  

lower sugar concentration than inside 

the cell, so water diffuses into the cell. 

An isotonic solution is one with the 

same sugar concentration as inside  

the cell, so water diffuses both into 

and out of the cell.  

A hypertonic solution is one with a  

higher sugar concentration than  

inside the cell, so water diffuses out of 

the cell. 

Active transport: 

Active transport moves  

substances from a lower 

concentration to a higher 

concentration (against a 

concentration gradient). 

 

Since diffusion and osmosis 

both happen along a  

concentration gradient, 

they occur by the random 

movement of particles and 

do not require energy.  

 

Active transport uses energy 

from respiration to move 

substances against the  

concentration gradient.  

 

Cells involved in active 

transport have lots of  

mitochondria to release  

energy. 

 

In animals, active transport 

is used to move sugar 

molecules from the gut and 

kidneys into the blood, 

against a concentration 

gradient. 

 

In plants, the root hair cells 

carry out active transport to 

move mineral ions from the 

soil into the root, against a 

concentration gradient. 

Biology paper 1: Organisation and transport of substances 

CROSS-SECTION OF A LEAF 
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Biology paper 1: Organisation and transport of substances 

Exchanging materials: 

A smaller surface area to volume ratio makes it  

easier for organisms to exchange substances by the 

processes of diffusion, osmosis and active transport.  

 

However, the  

bigger an organism  

gets the smaller the  

surface area to  

volume ratio becomes. 

This means that gases,  

food and waste are more difficult to efficiently  

exchange (it is difficult for gas and food to reach all 

their cells, and for waste products to be removed). 
 

Larger organisms have adaptations to allow them to 

transport substances efficiently: 

- a large surface area for exchange  

- thin membranes so there are short distances for 

substances to diffuse across 

- efficient blood supplies to move substances 

- ventilation to ensure steep concentration gradients 

of gases. 

 

 

 

 

 

 

 

 

 

 

 

 

Transpiration: 

Transpiration is the loss of water from plants by 

evaporation and then diffusion out of leaves 

through stomata. 

 

Transpiration 

provides a suction 

effect that enables 

water to be drawn 

into the plant 

through the roots. 

The water is used 

for photosynthesis,  

turgor pressure 

and keeping the 

plant cool.  

 

 

                                                The rate of transpiration 

                                                can be measured using 

                                                a potometer. 

 

                                                In order for water  

                                                vapour to diffuse out of 

                                                the leaves, it needs to  

                                                evaporate first. Factors 

                                                that increase the rate 

                                                of evaporation will also 

                                                increase the rate of 

                                                transpiration.  

 

The rate of transpiration is increased by: 

- higher temperatures 

- lower humidity (drier air) 

- increased air movement 

- increased light intensity. 

Transpiration is fastest on hot, dry, windy days. 

Leaves have 

small pores 

(openings)  

called stomata 

on their surface  

to allow gas 

exchange to 

take place. 

 

Most of the water vapour lost by transpiration 

passes through these stomata.  

 

Leaves have adaptations to prevent too much 

water loss: 

- leaves have a waxy cuticle (waterproof layer) to 

prevent uncontrolled water loss from their  

surfaces. 

- most of the stomata are found on the underside 

of the leaf, to limit their exposure to sunlight and 

reduce evaporation. 

- guard cells are able to open and close the  

stomata. When there is plenty of water in the  

vacuole of the guard cells the guard cells are  

turgid and hold the stoma open. When there is too 

little water in the vacuole, the guard cells are  

flaccid and the stoma is closed. 
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                            Organ systems are groups of 

                            organs working together to 

                            carry out a particular role.  

 

                            There are many organ 

                            systems in animals including: 

                            - the digestive system 

                            - the respiratory system 

                            - the circulatory system 

 

The  

digestive  

system: 

 

Enzymes are biological catalysts that speed up the rate of  

digestion of carbohydrates, lipids (fats) and proteins.  Enzymes 

break down large insoluble molecules into small soluble  

molecules that can be absorbed into the bloodstream. 
 

- Carbohydrases break down  

carbohydrates in to simple  

sugars. Amylase is an example  

of a carbohydrase that brakes  

down starch into glucose  

(C6H12O6). 

- Proteases break down proteins 

in to amino acids.  

- Lipases break down lipids (fats) 

 in to glycerol and fatty acids. 
 

Lock and key hypothesis: 

Enzymes are specific to  

the substrate that they  

break down. They have  

an active site that  

matches the shape of  

the substrate. 
 

The rate at which enzymes work directly affect a person’s  

metabolism (the rate of chemical reactions in their body). 

Temperature and pH affect the rate of enzyme activity: 

 

 

 

 

 

 

 

 

 

 

The respiratory system: 

The respiratory system 

is well adapted for 

gas exchange.  

 

 

                                          Clusters of alveoli 

                                          give a large surface 

                                          area for diffusion of  

                                          O2 and CO2. 
 

Capillaries surround the alveoli to take O2 into 

the bloodstream and pass CO2 back out of 

the body via the lungs. 

 

The blood: 

Biology paper 1: Organ systems in animals 

Mouth 
Teeth break food into small pieces and 

mixes it with saliva.  

Oesophagus 
A muscular tube that pushes food down 

from the mouth to the stomach. 

Stomach Produces hydrochloric acid. 

Small  

intestine 

Produces enzymes. Soluble food molecules 

are absorbed into the blood. Muscular 

walls squeeze  the food onwards to the 

large intestine. 

Large  

intestine 

Water is absorbed from the undigested 

food. 

Liver 
Produces bile. Bile is alkaline to neutralise 

the hydrochloric acid from the stomach. 

Gall bladder Stores bile until it is needed. 

Pancreas Produces enzymes for digestion. 

Anus 
Waste products are removed from the 

body as faeces. 

If the temperature gets too high, or the pH gets too high or 

too low, the enzyme is permanently denatured; the active 

site no longer matched the substrate so it does not work. 

Component of blood: Function: 

Red blood cells Carry oxygen in the bloodstream. 

White blood cells Support the body’s defence system 

by producing antibodies or  

engulfing pathogens. 

Platelets Help the blood to clot at the site of 

a wound. 

Plasma A yellow liquid that transports the 

blood cells and other substances 

(such as CO2, urea and soluble food 

molecules) around the body. 

Red blood cells: 

- biconcave shape (large surface area) 

- no nucleus (more room for O2) 

- contain haemoglobin (to carry O2) 

White blood cells: 

- produce antibodies to fight pathogens 

 

Platelets: 

- fragments of cells 

- no nucleus 
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Biology paper 1: Organ systems in animals 

The circulatory system: 

The circulatory system transports oxygen to all of the 

cells in the body via the bloodstream. The  

circulatory system consists of the heart, the blood 

and the blood vessels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In humans and other mammals, the blood vessels 

are arranged into a double circulatory system: 

- one part of the circulatory system carries blood to 

the lungs to become oxygenated 

- the other part of the system carries oxygenated 

blood to the rest of the body. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The heart is sometimes referred to as a  

double pump: 

- the right side of the heart first pumps blood  

to the lungs and back again 

- the left side of the heart then pumps blood  

around the rest of the body and back again. 

 

Note: When looking at a diagram of the heart, the left side of 

the picture is the right side of the heart, and vice versa. 

 

The heart is made up of muscle which pumps the blood when 

it is contracted. The muscle of the left side of the heart is  

noticeable thicker than on the right side because the left of 

the heart supplies blood to the whole body, whilst the right side 

only pumps blood to the lungs. 

 

The heart is made up of four chambers; two atria and two  

ventricles. The blood enters the heart through in the atria, and 

leaves the heart from the ventricles. Valves between the atria 

and ventricles prevent the blood from flowing backwards. 

Problems with the heart: 

The resting rhythm of a healthy heart is 

around 70bpm (beats per minute). This 

is controlled by a group of cells in the 

right atrium that act as a natural 

pacemaker. If these cells stop working 

correctly there can be irregularities in 

the heart rate. An artificial pacemaker 

can be implanted to correct these  

irregularities using electronic signals. 

 

In some people, the valves in the heart 

can become faulty and allow blood 

to leak backwards in the heart. This 

leads to breathlessness and could 

result in death if left untreated. Faulty 

valves can be replaced by  

mechanical valves (made of titanium 

or polymers) or biological valves (from 

pigs, cattle or human donors). 

 

In severe cases when the heart fails 

completely, people may need a heart 

transplant. If this is the case, people 

have to wait for a suitable tissue 

match to become available. In the 

meantime, temporary artificial hearts 

can be used. These artificial hearts  

require a lot of machinery to work  

correctly so the patient normally 

needs to stay in hospital. 

 

Artificial hearts can also 

be used to allow diseased 

hearts to rest in order to 

support their recovery. 

VEIN ARTERY CAPILLARY 

Arteries carry 

high pressure  

oxygenated 

blood away 

from the heart.  

 

Arteries have 

thick muscular 

walls that are 

slightly elastic 

to cope with 

high pressure 

blood being 

pumped from 

the heart. 

Veins carry low 

pressure  

deoxygenated  

blood back to 

the heart.  

 

Veins have  

thinner walls 

than arteries 

because the 

blood is at a 

lower pressure. 

They also have 

valves to  

prevent the 

backflow of 

blood. 

Capillaries form a 

network of tiny 

vessels to carry 

blood to all of the 

cells in the body. 

 

Capillaries  are 

narrow with very 

thin walls to allow 

substances (such 

as oxygen and 

carbon dioxide) 

to diffuse into our 

out of them  

easily. 

RED = oxygenated blood 

BLUE = deoxygenated blood 
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Biology paper 1: Infection and response 

Health is a state of physical and mental  

well-being, not just the absence of disease. 

 

Many factors affect a person’s health:  

- diseases 

- diet (a lack of the right nutrients) 

- stress  

- life situations (where you live, gender,  

wealth, healthcare, number of children etc…) 

 

All of these factors can be linked to diseases 

and ill health. Poor diet can lead to obesity, 

some cancers or type 2 diabetes.  Stress can 

be linked to poor mental health, some  

cancers and heart disease. 

 

Health problems interact with each other.  

Diseases and poor health can lead to further 

linked problems:  

- viruses in cells can be a trigger for cancers 

- diseases that affect the immune system 

mean that a person is more likely to catch 

another infectious disease 

- immune reactions caused by pathogens can 

trigger allergies which cause skin rashes or 

asthma 

- poor physical health can often lead to  

mental health issues such as depression. 

 

Communicable diseases are ones that are 

caused by pathogens and can be passed from 

one person to another.  

Pathogens are microorganisms that cause 

disease. There are four types of pathogen: 

- bacteria                - viruses 

- protists                 -  fungi 

 

Non-communicable diseases cannot be 

passed from one person to another. 

Communicable diseases: 

Communicable diseases are passed between 

people, plants or animals by the spread of 

pathogens. Pathogens can be spread in a 

number of ways:  

- By air (including fungal spores for plants and 

droplets spread by coughing and sneezing for  

humans) 

- By direct contact with an infected organism 

(including plant material left behind in a crop field, 

and sexually transmitted infections) 

- By water (including contaminated drinking  

water or fungal spores carried between plants by 

water). 

 

Once bacteria and viruses are in the body, 

they reproduce rapidly. Bacteria divide by a 

process called binary fission (splitting in two). 

Bacteria produce toxins (poisons) that make 

you feel ill.  

Viruses take over the cells of the body and 

cause cell damage.  

 

The spread of communicable diseases can be 

prevented by: 

- good hygiene (including hand-washing, 

cleaning kitchens and bathrooms with  

disinfectants, keeping raw meat away from 

cooked foods, and using tissues or  

handkerchiefs to catch coughs and sneezes).  

- isolating infected individuals to prevent 

them from coming into contact with healthy  

organisms 

- destroying or controlling animals that 

spread diseases (vectors) 

-  vaccination 

Viral diseases: 

Measles is spread by  

droplets from coughs and 

sneezes. It causes fever  

and a rash and can be 

fatal. Most children are  

vaccinated against measles. 

 

HIV is spread by direct contact (sexual  

contact or exchanging body fluids). It attacks 

the immune system and can develop into 

AIDS when the immune system can no  

longer cope with other diseases. 

 

                             Tobacco mosaic virus (TMV) 

                             affects the growth of plants 

                             by discolouring the leaves 

                             and limiting photosynthesis.  

 

Bacterial diseases:                 

Salmonella food poisoning 

is spread by bacteria in  

food or on food prepared  

in unhygienic conditions. It causes fever, 

stomach cramps, vomiting and diarrhoea. 

 

Gonorrhoea is a sexually transmitted  

disease (STD) that is spread by sexual  

contact. Symptoms of gonorrhoea include a 

thick yellow or green discharge from the  

sexual organs, and pain when urinating. It 

can be treated by antibiotics and the spread 

can be prevented by the use of a barrier 

method of contraception, such as a condom. 

Fungal diseases: 

Fungal diseases are quite rare in people 

(although athlete’s foot is one example). 

However, fungal diseases are very common 

in plants.  

 

Rose black spot is spread 

by fungal spores carried 

by water or the wind. It 

causes purple or black 

spots on leaves, causing 

the leaves to turn yellow 

and fall off early. This 

limits the growth of the plant by reducing 

photosynthesis.  

 

Protist diseases: 

Malaria is a disease called by a protist. The 

protist is carried and spread by mosquitoes; 

the mosquitoes are vectors for the protist. 

Malaria causes fever and shaking, and can be 

fatal. 

 

 

 

 

 

 

The spread of malaria can be prevented by 

preventing the vectors (mosquitoes) from 

breeding, or by using mosquito nets to avoid 

being bitten.  

Other methods include: 

- using insecticides to kill the mosquitoes 

- draining any standing water to kill the  

mosquito larvae before they develop into 

adults. 
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Biology paper 1: Infection and response 

Vaccinations: 

 Involves introducing small quantities of 

dead or inactive forms of a  

pathogen into the body  

 This stimulates the white blood cells to 

produce antibodies.  

 If the same pathogen re-enters the body 

the white blood cells respond quickly to 

produce the correct  

antibodies, preventing infection. 

 Painkillers and other medicines like aspi-

rin are used to treat the  

symptoms of disease but do not kill  

pathogens. 

 

 Antibiotics, such as penicillin, are medi-

cines that help to cure bacterial disease by 

killing infective bacteria inside the body. It 

is important that specific bacteria should 

be treated by specific antibiotics. 

 

 Antibiotics such as penicillin kill the bacte-

ria that cause the disease  

without harming your own cells 

 

  

 

 

 

 

 

 

 

Antibiotics were introduced in 1940 

 

Problems with antibiotics: 

1. The emergence of strains resistant to 

antibiotics is of great concern. 

2. Antibiotics cannot kill viral pathogens. 

It is difficult to develop drugs that kill 

viruses without also damaging the 

body’s tissues. 

Discovering drugs: 

Traditionally drugs were extracted from 

plants and microorganisms. 

The heart drug digitalis originates from fox-

gloves. It strengthens the heartbeat. 

The painkiller aspirin originates from willow. 

Penicillin: 

 Penicillin was discovered by Alexander 

Fleming from the Penicillium mould. 

-> He was growing bacteria and left lids off of 

the plates he was using.  

-> This allowed oxygen in and mould could 

grow.  

-> He noticed however that there was a clear 

ring around the mould meaning the mould 

had killed the bacteria that was once in the 

plate 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most new drugs are synthesised by chemists 

in the pharmaceutical industry. However, the 

starting point may still be a chemical  

extracted from a plant. 

Developing drugs 

New medical drugs have to be tested and 

trialled before being used to check that they 

are safe and effective. 

Steps involved: 

1. New drugs are extensively tested for 

toxicity, efficacy and dose. 

 

 

 

 

2. Preclinical testing is done in a  

laboratory using cells, tissues and live 

animals. 

3. Clinical trials use healthy volunteers 

and patients. 

Key points: 

•• Very low doses of the drug are given at 

the start of the clinical trial. 

•• If the drug is found to be safe, further 

clinical trials are carried out to find the  

optimum dose for the drug. 

•• In double blind trials, some patients are 

given a placebo. 

 

A placebo does not contain any of the drug 

and is normally a sugar-pill used to see if the 

drug actually works! 

A double-blind test means that both the  

researcher and the patient do not know 

which drug is the real thing and which is the 

placebo 

Are they  

safe? 

Do they 

work? 

How much 

is needed? 
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Biology paper 1: Bioenergetics 

Photosynthesis is the process of plants  

producing glucose and the waste 

product oxygen from carbon dioxide 

and water: 

carbon dioxide + water          glucose + oxygen 

 

 6CO2   +   6H2O           C6H12O6  +  6O2 

Photosynthesis is an endothermic  

reaction; plants need to take in light 

energy from the surroundings for the 

chloroplasts to carry out the  

photosynthesis reaction. 

 

 

 

 

 

 

 

 

 

Leaves are well-adapted 

for photosynthesis: 

- they are broad and  

flat providing a large surface area for 

absorbing light  

- they are thin so gases do not need 

to diffuse far 

- they contain chlorophyll in  

chloroplasts to absorb light 

- they have veins to transport water to 

the leaves and glucose from them 

- they have air spaces in the  

mesophyll layer for gas movement 

- they have stomata and guard cells 

to allow O2 and CO2 into and out of 

the  leaf. 

The rate of 

photosynthesis  can  

be measured by  

measuring the  

amount of oxygen 

produced or counting the number of  

bubbles. 

 

The rate of photosynthesis is affected by: 

- temperature 

- light intensity 

- carbon dioxide concentration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The rate of photosynthesis also depends 

on the amount of chlorophyll in the 

leaves. 

                                 

Greenhouses can be used to optimise 

the conditions for photosynthesis. 

Plants have many uses for glucose  

produced by photosynthesis: 

- used for respiration 

- converted into starch for storage 

(glucose is soluble, starch is insoluble) 

- producing fat or oil for storage 

- producing cellulose for strengthening 

cell walls 

- producing amino acids for protein  

synthesis (plants also need nitrates from 

the soil to do this).  

 

Respiration is the process of releasing  

energy from glucose. It is an exothermic 

reaction since it releases energy. 

 

Respiration takes place in the  

mitochondria of cells. 

 

Organisms need the energy from  

respiration for all life processes, including: 

- movement 

- keeping warm 

- chemical reactions 

 

Aerobic respiration (using oxygen): 

glucose + oxygen         carbon dioxide + water 

C6H12O6 + O2             CO2  + H2O 

 

During exercise, more oxygen needs to 

be supplied to the muscle cells to carry 

out aerobic respiration. 

The heart rate increases to supply more 

oxygenated blood to the muscles. 

The breathing rate and breath volume 

increases to take in more oxygen and 

remove carbon dioxide faster. 

Glycogen stored in the body is  

converted back into glucose for energy. 

Anaerobic respiration (without 

oxygen): 

In animals: 

glucose        lactic acid 

The oxidation of glucose is  

incomplete, so less energy is  

released than aerobic  

respiration.  

 

Lactic acid can cause muscle 

cramps. Oxygen is needed to 

break down the lactic acid: 
lactic acid + oxygen    carbon dioxide + water 

This is known as the oxygen debt. 
 

In plants:  

glucose        ethanol + carbon dioxide 

Anaerobic respiration in plants is 

called fermentation, and is used 

in making bread and alcoholic 

drinks. 
 

The metabolism of an organism is 

the sum of all of the reactions that 

take place in a cell or in the 

body. The energy released by  

respiration is used by organisms to 

carry out many of these  

metabolic processes. 
 

The liver carries out many  

metabolic functions:  

- detoxifying poisonous  

substances (such as alcohol) 

- passing waste products  into the 

blood for excretion 

- breaking down old blood cells 

- breaking down the lactic acid 

from anaerobic respiration, and 

light 

light 

Increasing light intensity  

increases the rate of  

photosynthesis, until another 

factor (such as temperature 

or CO2 concentration) limits it. 

Increasing CO2  

concentration increases the 

rate of photosynthesis, until 

another factor (such as  

temperature or light intensity) 

limits it. 

Photosynthesis is controlled 

by enzymes. The rate of  

photosynthesis increases as 

the temperature increases, 

up to about 40-50oC when 

the enzymes are denatured. 
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Atoms are the basic building blocks of 

all matter. An atom is the smallest part 

of an element that can exist. 

Atoms of each element are  

represented by a chemical symbol. 

There are over 100 different elements 

in the periodic table. 

 

 

 

 

 

 

 

Compounds contain two or more  

different elements that are chemically 

combined in fixed proportions. 

e.g.  

 

 

 

Compounds can only be made or 

separated by chemical reactions. 

Chemical reactions can be shown by 

chemical equations: 

Carbon + oxygen       carbon dioxide 

C(s) + O2(g)      CO2(g)  

Magnesium + oxygen       magnesium oxide 

2Mg(s) + O2(g)     2MgO(s)         

The states of substances in chemical  

equations are shown by state  

symbols:  

(s) means solid       

(l) means liquid 

(g) means gas     

(aq) means aqueous  solution 

Mixtures contain two or more  

elements or compounds that are not 

chemically combined. The chemical 

properties of each substance in the 

mixture are unchanged. 

Mixtures can be separated by  

physical processes such as: 

 

 

 

 

 

 

 

 

Miscible liquids are ones that dissolve 

in each other, mixing completely.  

Immiscible liquids do not.  

Fractional distillation can separate 

miscible liquids because each liquid 

will have a different boiling point.  

 

 

 

 

 

 

 

 

Paper chromatography can be used 

to separate 

substances  

from mixtures 

in solution, 

such as food  

dyes or inks. 

This works because each substance 

has a different solubility. 

The history of the atom 

Early 1800s: John Dalton theorised that 

atoms were tiny hard spheres of an 

element, and that they could not be 

divided. 

Late 1800s: J.J. Thompson discovered 

the electron and came up with his 

‘plum pudding’ model of the atom: 

 

 

 

10 years later: Geiger and Marsden 

(working with Rutherford) carried out 

an alpha particle scattering  

experiment which suggested that 

there must be a dense, positively 

charged centre to the atom (the  

nucleus): 

 

 

 

 

1914: Niels Bohr theorised that  

electrons were orbiting the nucleus at 

specific distance, in certain fixed  

energy levels called shells.  

 

Later experiments suggested the  

existence of small positively charged 

particles in the nucleus called protons. 

 

1932: James Chadwick proved the 

existence of uncharged neutrons  

within the nucleus.  

The present model of the atom: 

 

 

 

 

Neutral atoms have the same  

number of protons as electrons. 

 

 

 

 

 

The periodic table contains  

information about the number of 

each type of subatomic particle in 

an atom of an element: 

 

 

 

 

Electrons are drawn in shells around 

the nucleus: 

1st shell can hold up to 2  

2nd shell can hold up to 8  

3rd shell can hold up to 8  

The electronic structure can also be 

written in the form 2.8.8. 

An ion is an atom that has lost or 

gained electrons and become 

charged. 

An isotope is an atom of an element 

with the same number of protons but 

a different number of neutrons. 

Chemistry paper 1: Atomic Structure 

H2O contains 2 hydrogen atoms 

to one oxygen atom. 

CO2 contains 2 oxygen atoms to 

one carbon atom. 

Filtration Distillation Crystallisation 

Removes 

insoluble 

materials. 

Separates 

soluble solids 

from liquids. 

Separates one 

or more  

liquids. 

Positively 

charged 

cloud 

Negatively 

charged  

electrons 

Electron 

Proton 

Neutron 
Nucleus 

Subatomic 

particle 

Relative 

charge 

Relative 

mass 

Proton +1 1 

Neutron 0 1 

Electron -1 0.0005 

The mass number is the total 

number of protons + neutrons. 

The atomic number is 

the number of protons. 

So an atom of sodium contains: 

 11 protons, 11 electrons and 12 neutrons. 

The liquids with the 

highest boiling points 

condense in the  

fractionating column 

and drip back down. 

Those with lower  

boiling points rise to 

the top of the column 

and condense in the  

condenser.  
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Development of the periodic table: 

1808: Before the discovery of the  

sub-atomic particles scientists tried 

to understand the elements by  

ordering them by their atomic 

weight. John Dalton was the first to 

publish a table of elements ordered 

by atomic weight. 

1864: John Newlands built upon  

Dalton’s table by noticing that  

every eighth element had similar 

properties  so he sorted these into 

columns together, called octaves. 

1869: Mendeleev still ordered the  

elements by atomic weights but 

also arranged them in sets of  

elements with similar properties, 

called periods. 

Mendeleev found that if he stuck 

strictly to ordering by atomic weight 

some elements were in the wrong  

periods, so he swapped around 

pairs of elements to keep elements 

with similar properties together 

(Mendeleev thought this was more 

important than sticking to atomic 

weight order).  
 

Mendeleev also realised that not all 

of the elements had been  

discovered yet (only about 50 had 

been discovered so far) so he left 

gaps in his table where he predict-

ed new elements would fit.  A few 

years later, new elements were dis-

covered that fitted into his table as 

he predicted! 

The modern periodic table:  

As scientists learnt more about atoms, they realised that  

the existence of isotopes explained why some of the  

elements didn’t fit the pattern of increasing atomic  

weight.  

In the periodic table of elements, the elements are  

in order of increasing atomic (proton) number. 

Metals are found on the left-hand side and in the centre  

of the period table. Non-metals are found onthe right.  

The group number in the periodic table tells you the number of electrons in the outermost shell  

of an atom. The period number tells you the number of shells occupied by electrons for that atom. 

 

Chemistry paper 1: The Periodic Table 

Group 1 - The alkali metals: 

The elements in group 1 are known as  

the alkali metals. This is because they  

produce an alkaline solution  when  

they react with water.  

They all have one electron in their  

outer shell, which means that they  

have similar chemical properties.  

The alkali metals are very reactive  

and react with oxygen and water  

(they are stored in oil to stop them  

reacting with oxygen in the air): 

sodium + oxygen        sodium oxide 

  4Na +    O2             2Na2O 

sodium + water        sodium hydroxide + hydrogen 

  2Na + 2H2O            2NaOH      +      H2 

The reactivity of the alkali metals increases 

as you move down the group.  This is  

because the electron to be lost is further 

from the nucleus, so the electrostatic force 

of attraction is weaker. The melting and 

boiling points decrease as you move down 

the group. 

Group 7 - The halogens: 

The halogens are a group of non-metals  

that have coloured vapours.  

They all have seven electrons in their  

outer shell, which means that they have  

similar chemical properties.  

The halogens all react with metals: 

sodium + chlorine        sodium chloride 

  2Na +    Cl2               2NaCl 

The reactivity of the halogens  

decreases as you move down the  

group. This is because the outer shell is 

further from the nucleus, so the electrostatic 

force of attraction for the electron needing to 

be gained is weaker. 

A more reactive halogen will displace a less 

reactive halogen from solutions of its salts:  

chlorine + sodium bromide       sodium chloride + bromine 

   Cl2    +      2NaBr                  2NaCl      +     Br2 

The melting and boiling points increase as you 

move down the group. 

Group 0 - The noble 

gases: 

The elements in  

group 0 all have  

complete outer 

shells (8 electrons  

for most, but only  

2 electrons for  

helium).  

This means that  

they are inert  

(unreactive) and  

can exist as  

single atoms ;  

they are monatomic. 

The boiling points 

of the noble gases 

increase as you 

move down the  

group from helium 

to radon. 
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Chemistry paper 1: Bonding, structure and the properties of matter 

Ionic bonding: 

 

 

 

 

An ion is an atom that has lost or gained electrons and 

become charged. If an atom gains electrons it  

becomes a negative ion (negatively charged). If an 

atom loses electrons it becomes a positive ion 

(positively charged). 

Ionic bonding happens between a metal and a  

non-metal. Ionic bonding involved the transfer of one 

or more electrons from metal atoms to non-metal  

atoms. The atoms are then oppositely charged ions  

and are attracted to each other by a strong  

electrostatic force.  

We can represent ionic bonding in dot-and-cross  

diagrams. 

Example:  

Sodium + chlorine     sodium chloride 

Before the electron is transferred: 

 

 

 

 

After the electron is transferred: 

Covalent bonding: 

Covalent bonding happens between two non-metals. 

In covalent bonding, all of the non-metal atoms need 

to gain electrons in order to have a full outer shell (a 

stable octet). No electrons are transferred during  

covalent bonding, but some of the electrons become 

shared between more than one atom. 

Covalent bonding involves shared pairs of electrons.  

Covalently bonded substances are held together by 

weak intermolecular forces. 

Covalent bonding can happen between two atoms 

of the same element, whereas ionic bonding can only 

happen between two different elements. 

Cl2: 

 

 

 

 

 

HCl: 

 

 

 

 

 

 

H2O:  

 

 

Metallic bonding: 

Metallic bonding happens between two metals. 

Metallic bonding involved positive metal ions 

held together by a sea of delocalised electrons. 

 

 

 

 

 

 

 

 

Metallically bonded substances are held  

together by strong electrostatic forces between 

the positively charged metal ions and the  

negatively charged electrons. 

Explaining the properties of metals: 

The delocalised electrons are able to flow 

throughout the whole metal. This explains how 

metals are able to conduct electricity. 

The strong forces of attraction between the  

metal ions and the electrons explain why metals 

have high melting and boiling points. A lot of  

energy is needed to overcome these strong  

forces. 

Metals are good conductors of thermal energy 

because energy is transferred by the delocalised 

electrons. 

Metals are malleable because the layers can 

slide across each other when a force is  

applied. An alloy is a mixture of two or more  

elements, at least one of which is a metal. Alloys 

are stronger because the atoms are different 

sizes so the layers do not slide past each other as 

easily. 

Electron 

Proton 

Neutron 
Nucleus 

Neutral atoms 

have the same 

number of  

protons as 

electrons. 

The middle pair of  

electrons is shared  

between the Cl 

atoms. 

Both atoms now have a 

full outer shell due to the 

shared pair of electrons. 

In water, each oxygen 

atom needs to share a 

pair of electrons with 

two hydrogen atoms in 

order for all atoms to 

have a full outer shell. 

Positively charged metal ions 

Negatively charged electrons 

Cl—Cl 

H—Cl 

H—O—H 

We can also draw the  
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Chemistry paper 1: Bonding, structure and the properties of matter 

States of matter: 

 

 

 

 

 

 

 

There are three possible states of  

matter; solid, liquid or gas. These are 

represented by the particle model. 

State changes take place at the  

melting point and the boiling point.  

 

 

 

 

 

 

 

 

 

 

The amount of energy needed to 

change the state of a substance  

depends on the strength of the forces  

between the particles. 

 

There are some limitations to the  

particle model: 

- particles are not actually spherical; 

they are different shapes containing 

many atoms 

- particles are not actually solid spheres; 

most of an atom is empty space 

- the model does not account for the 

forces or bonds between particles. 

Properties of different types of bonding: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Small covalent molecules are usually gases or liquids due to 

their low melting and boiling points. The larger the molecule 

the stronger the intermolecular forces, so the higher the 

melting and boiling points. 

Polymers are large chains of repeating units individual  

molecules (monomers) that are joined by covalent  

bonding. These have relatively strong intermolecular forces 

so they are normally solids at room temperature. 

Giant covalent structures: 

 

 

 

 

 

 

 

Giant covalent structures: 

- have very high melting and boiling points 

- are insoluble in water 

- are hard and do not conduct electricity (except  

graphite) 

 

Diamond and graphite are allotropes of carbon. Allotropes 

are different structures of the same element, which have 

different physical properties. 

Diamond does not conduct electricity because each  

carbon atom bonds with four others. This means there are 

no free electrons. Graphite does conduct electricity as 

each carbon atom only bonds with three others, so there 

are is one delocalised electron per carbon atom.  

Boiling 

Melting 

SOLID 

LIQUID 

GAS 

Ionic compounds 
Small covalent 

molecules 
Metals 

Between a metal 

and a non-metal. 

Between 

non--metals. 
Between metals. 

Electrons are 

transferred. 

Shared pairs of 

electrons. 

Positive metal ions 

with a sea of  

delocalised  

High melting and 

boiling points 

due  to strong  

electrostatic  

forces of  

attraction  

between ions (in 

all directions). 

Low melting and 

boiling points due 

to weak  

intermolecular 

forces (these are  

broken during 

state changes, not 

the strong  

covalent bonds) 

High melting and 

boiling points due 

to strong metallic 

bonding (strong 

electrostatic forces 

of attraction  

between the  

positive ions and 

electrons). 

Do not conduct 

electricity (unless 

molten or in  

Do not conduct 

electricity. 

Good conductors 

of electricity (due 

to delocalised  

can be 

drawn as... 

Diamond Silicon  

dioxide 

Graphite 

Graphene is a single layer of 

graphite. It is an excellent  

conductor of thermal energy 

and electricity, has a low density 

and is very strong. It is likely to be 

useful for electronics. 

Fullerenes are molecules of  

carbon atoms with hollow 

shapes.  

Carbon nanotubes are  

examples of fullerenes that are 

cylindrical. They are useful for  

nanotechnology, electronics 

and materials. 
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Chemistry paper 1: Quantitative chemistry 

The law of conservation of mass states 

that no atoms are lost or made during 

a chemical reaction, so the mass of 

the products equals the mass of the 

reactants. 

Balanced symbol equations show the 

same amount of each type of  

atom before and after the reaction: 

 

2Mg + O2      2MgO 

10g  +  5g       15g 

In some reactions, the mass of the 

products may appear to be different 

to the mass of the reactants because 

one or more of the products or  

reactants is a gas: 

If a reactant is a gas, the mass of the products 

may appear greater as the mass of the gas has 

been added from the atmosphere. 

If a product is a gas, the mass of the products 

may seem lighter as the gas has escaped into 

the atmosphere. 

 

 

 

 

The relative formula mass, Mr, of a 

compound can be found by adding 

up all of the relative atomic masses of 

the atoms in the compound. 

Example: 

H2SO4 

2 x H => 2 x 1 = 2 

1 x S => 1 x 32 = 32 

4 x O = 4 x 16 = 64  

So the relative formula mass of H2SO4 is 

98 (1 + 32 + 64). 

A solute is a solid that can be dissolved 

in a liquid to form an aqueous solution. 

 

The concentration of a solution is  

measured in terms of the amount of 

mass of a substance per given volume. 

It is normally measured in g/dm3. 

 

Concentration (g/dm3) = 

 

 

Example: 

Calculate the concentration of a solution  

containing 50g of sodium hydroxide in 0.2dm3 of 

solution: 

 

Concentration =             = 250g/dm3 

 

 

If the volume in the question is given in 

cm3, you will need to convert this to 

dm3 first by dividing by 1000.  

 

Example: 

Calculate the concentration of a solution  

containing 140g of sodium chloride in 700cm3 of 

solution: 

 

700 ÷ 1000 = 0.7dm3 

Concentration =             = 200g/dm3 

 

 

The concentration of an aqueous  

solution can be increased by: 

- dissolving more solute in the same  

volume of solution 

- evaporating some of the water in a 

solution so that the same amount of  

solute is dissolved in a smaller volume of 

solution 

Moles and calculations (higher tier only): 

One mole is the relative atomic mass or relative formula mass of any substance 

expressed in grams. The abbreviation used for mole is mol. 

i.e. one mole of sodium has a mass of 12g 

      one mole of H2SO4 has a mass of 97g 

A mole of any substance always contains 6.02 x 1023 atoms, molecules or ions of 

that substance. This number is known as the Avogadro constant. 

 

       Number of moles =                                                 OR  

 

Moles can be used in calculations to work out the masses of different chemicals 

that are reacted together, or the mass of products made: 

Reactants Products 

The top number of an  

element on the periodic 

table is its relative atomic 

mass, Ar. 

Mass of solute (g) 

Volume of solution (dm3) 

50 

0.2 

140 

0.7 

Mass (g) 

Relative atomic mass 

Mass (g) 

Relative formula mass 

Worked example 1: 

Hydrogen chloride is made when hydrogen is 

reacted with chlorine:  

H2 + Cl2        2HCl 

How much hydrogen chloride is made by 50g 

of chlorine.  

Ar of Cl = 35.5  

so 1 mole of Cl2 has a mass of 2 x 35.5 = 71g 

Mr of HCl = 1 + 35.5 = 36.5 

so 2 moles of HCl has a mass of 73g 

 

This means that 71g of Cl2 makes 73g of HCl  

 

So 1g of Cl2 makes       = 1.03g of HCl  

 

 

So 50g makes 50 x 1.03 = 51.5g of HCl 

73 

71 

Worked example 2: 

8.5g of sodium nitrate, NaNO3, decomposes on  

heating to give 6.9g of sodium nitrite, NaNO2, 

and 1.6g of oxygen gas, O2: 

Use molar calculations to produce the  

balanced symbol equation for this reaction.  

Mr of NaNO3 = 23 + 14 +  (16 x 3) = 85  

so there are 8.5 ÷ 85 moles of NaNO3 = 0.1 mol 

Mr of NaNO2 = 23 + 14 +  (16 x 2) = 6  

so there are 6.9 ÷ 69 moles of NaNO2 = 0.1 mol 

Mr of O2 = (16 x 2) = 32  

so there are 1.6 ÷ 32 moles of  O2 = 0.05 mol 

 

This gives the ratio: 

NaNO3 : NaNO2 : O2 

      0.1     :     0.1    : 0.05 

Dividing the ratio by the smallest number (0.05) 

gives: 

     2       :      2      :   1 

So the balanced equation is: 

2NaNO3       2NaNO2 + O2 

Normally reactions are not carried out 

in the exact amounts as predicted in 

the balanced equation. One of the 

reactants will be in excess to ensure 

that the all of the other reactant has 

been used up. The limiting reactant is 

the reactant used up first in a reaction. 
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Chemistry paper 1: Reactions of metals 

Most metals in the environment are found as  

compounds. In order to obtain metals, they need to 

be extracted from their ores. Metal ores are rocks 

from which it is economical to extract the metals that 

they contain. Unreactive metals, such as gold, are 

found as the metals themselves (in their native state). 

The reactivity series is a list of metals in order of their 

reactivity, with the most reactive metals at the top 

and the least reactive ones at the bottom. 

The reactivity series of metals is produced by first  

reacting metals with water. Metals that do not react 

or react too slowly with water are then reacted with 

acids. 

A more  reactive metal can displace 

a less reactive metal from a compound: 

zinc + copper sulfate       zinc sulfate + copper 

Reactions that combine metals with 

oxygen are known as oxidation 

reactions. 

Reactions that separate metals from 

their oxides are known as reduction 

reactions. 

The non-metals carbon and hydrogen 

are often included in the reactivity 

series in order to predict their ability to  

displace metals from their oxides. 

Metals that are less reactive than carbon can be ex-

tracted from their ores by reduction with carbon: 

metal oxide + carbon        metal + carbon dioxide 

e.g. 

lead oxide + carbon       lead + carbon dioxide 

     2PbO     +       C            2Pb  +          CO2 

This is an example of a reduction reaction used to 

obtain a metal from its oxide. 

All acids produce hydrogen ions (H+) in aqueous  

solutions. 

A salt is the general name for a compound formed 

when the hydrogen in an acid is wholly, or partially, 

replaced by metal (or ammonium) ions. 

Some metals react with acids to produce salts and 

hydrogen: 

Metal + acid       salt + hydrogen 

The name of the salt produced  is determined by the 

metal used, and the acid it is reacted with: 

- hydrochloric acid, HCl, makes chlorides (containing Cl– ions) 

- sulfuric acid, H2SO4, makes sulfates (containing SO4
2– ions) 

- nitric acid, HNO3, makes nitrates (containing NO3
– ions) 

Examples: 

iron + hydrochloric acid        iron chloride + hydrogen 

sodium + sulfuric acid       sodium sulfate + hydrogen 

zinc + nitric acid       zinc nitrate + hydrogen 

Salts can also be produced by reacting of acids with 

bases, alkalis or carbonates. The general word  

equations for these reactions are: 

Metal + base       salt + water 

Metal + alkali       salt + water 

Metal + carbonate       salt + water + carbon dioxide 

Bases are substances that can neutralise acids. An 

alkali is a soluble base. Aqueous solutions of alkalis 

contain hydroxide ions (OH-). 

In neutralisation reactions (reactions of acids with  

alkalis), the H+ ions in the acid and the OH– ions in 

the alkali react to produce water: 

H+ + OH-       H2O 

Acidity and alkalinity is measured on the pH scale. 

pH7 is neutral, below pH 7 is acidic and above pH7 is 

alkaline. The pH can be determined using a pH  

Making salts: 

To make a pure, dry sample of a salt: 

1. React an excess of a metal or metal oxide with an 

acid. 

2. Warm the mixture to speed up the reaction. 

3. Filter the solution to remove any unreacted solute. 

4. Gently heat the filtrate until the first crystals appear 

at the edge of the solution. 

5. Leave the remaining solution to evaporate slowly. 

This is called crystallisation. 

6. Dry the crystals with filter paper or in an oven. 

Example: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equipment needed: 

- spatula     - stirring rod     - beaker     - tripod 

- Bunsen burner     -  gauze     - heat-proof mat 

- evaporating basin     - filter paper and funnel 

Oxidation reactions involve the loss of electrons. 

Reduction reactions involve the gain on electrons. 

The acronym OIL RIG can be used to remember this 

rule: oxidation is loss (of electrons), reduction is gain 

(of electrons). 

Some reactions of involve both oxidation and  

reduction. These are known as redox reactions. 
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Electrolysis: 

When an ionic compound is melted or  

dissolved in water, the ions are free to 

move. These liquids and solutions are able 

to conduct electricity and are called  

electrolytes. 

 Passing an electric current through 

electrolytes causes the ions to move 

to the electrodes.  

 Positively charged ions move to the 

negative electrode (the cathode) 

 Negatively charged ions move to the 

positive electrode (the anode).  

 Ions are discharged at the electrodes 

producing elements. This process is 

called electrolysis. 

 

 

 

 

 

 

 

 

 

 

 

 

EXAMPLE: 

When a simple ionic compound (eg copper  

bromide) is electrolysed in the molten state 

using inert electrodes, the metal (copper) is 

produced at the cathode and the non-metal 

(bromine) is produced at the anode. 

During electrolysis, positively charged ions 

move to the cathode and at the same time 

negative ions move towards the anode: 

 At the cathode (negative electrode), 

positively charged ions gain electrons 

and so the reactions are reductions. 

 At the anode (positive electrode),  

negatively charged ions lose electrons 

and so the reactions are oxidations. 

OxidationIsLoss ReducationIsGain (OIL RIG) 

 

 

 

HT only—Reactions at electrodes can be  

represented by half equations for example, 

Electrolysis of lead bromide (PbBr2): 

 Lead ions Pb2+ move towards the  

cathode (negative), when they get 

there they gain two electrons to  

become neutral 

 Gaining is reduction 

 Pb2+ + 2e- -> Pb 

 The negatively charged  bromine ions 

Br– move toward the anode (positive). 

Once there, each ion loses one  

electron to become neutral 

 Two bromine  atoms then form a  

covalent bond to make a bromine 

molecule Br2 

 Losing electrons is oxidation 

 2Br- -> Br2 + 2e- 

Extracting metals: 

Electrolysis is used if the metal is too reactive 

to be extracted by reduction with carbon or if 

the metal reacts with carbon. Large amounts 

of energy are used in the extraction process 

to melt the compounds and to produce the 

electrical current. 

Aluminium is manufactured by the  

electrolysis of a molten mixture of aluminium 

oxide and cryolite using carbon as the  

positive electrode (anode). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HT only: 

Cathode—Each Al3+ ion gains three electrons 

and it is reduced: 

Al3+ + 3e– -> Al 

Anode—Each O2- ion loses two electrons and 

it is oxidised: 

2O2- -> O2 + 4e- 

Electrolysis of aqueous solutions: 

When an aqueous solution is electrolysed: 

 At the negative electrode (cathode),  

hydrogen is produced if the metal is 

more reactive than hydrogen. 

 At the positive electrode (anode),  

oxygen is produced unless the  

solution contains halide ions when the 

halogen is produced. 

This happens because in the aqueous  

solution water molecules break down which  

produces hydrogen ions and hydroxide ions 

that are discharged. 

 

 

 

 

 

 

Example, electrolysis of brine (saltwater): 

 

 

HT only: 

At the anode, Cl– is attracted and when they 

get there they each lose one electron: 

 

 

When water breaks down, the hydrogen ions 

are attracted to the cathode as are the  

sodium ions. But the less reactive element is 

discharged (in this case hydrogen) 
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Chemistry paper 1: Energy changes 

Exothermic and endothermic reactions 

Energy is conserved in chemical reactions. If a  

reaction transfers energy to the surroundings the 

product molecules must have less energy than the 

reactants. 

 An exothermic reaction is one that transfers 

energy to the surroundings so the temperature 

of the surroundings increases. 

 

-> Exothermic reactions include combustion, 

many oxidation reactions and neutralisation. 

-> Everyday uses of exothermic reactions  

include self-heating cans and hand warmers. 

The products of exothermic reactions have a lower 

energy content than the  reactants. 

 An endothermic reaction is one that takes in 

energy from the surroundings so the  

temperature of the surroundings decreases. 

 

->Endothermic reactions include thermal  

decompositions 

-> Some sports injury packs are based on  

endothermic reactions. 

The products of endothermic reactions have a higher 

energy content than the reactants. 

 

 

 

 

 

 

 

All warm-bloodied animals rely on exothermic  

reactions in respiration to keep their body  

temperatures steady 

Reaction profiles 

Chemical reactions can occur only when reacting 

particles collide with each other and with sufficient 

energy.  

The minimum amount of energy that particles must 

have to react is called the activation energy. 

Reaction profiles can be used to show the relative 

energies of reactants and products, the activation 

energy and the overall energy change of a reaction. 

Exothermic reaction: 

 

 

 

 

 

The products are at a lower energy level than the 

reactants. Meaning: when the reactants form the 

products, energy is transferred to the surroundings.  

Surroundings get hotter. 

Endothermic reaction: 

 

 

 

 

 

 

The products are at a higher energy level than the 

reactants. Meaning: when the reactants form the 

products, energy is taken from the surroundings.  

Surroundings get colder. 

Bond energy calculations (HT only) 

During a chemical reaction: 

 Energy must be supplied to break bonds in the 

reactants 

 Energy is released when bonds in the products 

are formed. 

 The energy needed to break bonds and the 

energy released when bonds are formed can 

be calculated from bond energies. 

 The difference between the sum of the energy 

needed to break bonds in the reactants and 

the sum of the energy released when bonds in 

the products are formed is the overall energy 

change of the reaction. 

In an exothermic reaction, the energy released from 

forming new bonds is greater than the energy  

needed to break existing bonds. 

In an endothermic reaction, the energy needed to 

break existing bonds is greater than the energy  

released from forming new bonds. 

Example: N2 + 3H2 -> 2NH3   

In your exam you will be told that Nitrogen’s bond 

energy is 945kJ/mol, Hydrogen’s is 436kJ/mol and a 

Nitrogen-Hydrogen (N-H) bond is 391kJ/mol 

The energy needed to break 1 mole of Nitrogen and 

3 moles of Hydrogen therefore is: 

945 + (3x436) = 2253kJ taken in from the surroundings 

It forms 6 new N-H bonds (2NH3 ) and the energy 

transferred therefore is: 

391 x 6 = 2346kJ of energy transferred to the sur-

roundings 

Overall energy change = (2253—2346) = -93kJ this is 
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Physics paper 1: Energy 

Energy stores: 

Energy is measured in joules, J. 

A system is an object or group of objects. 

Systems often store energy, although the way 

in which the energy is stored may change. 

All moving objects have kinetic energy: 

                  J                           kg         ms-1 

       Kinetic energy = 0.5 x mass x (speed)2 

                                   EK = ½mv2 

 

When an object is lifted above within a 

gravitational field, it gains gravitational 

potential energy:  

            J                  kg             N/kg             m 

  Gravitational = mass x gravitational x height 

      potential                    field strength 

        energy  

                                EP = mgh 

 

When an elastic object (such as a spring, wire 

or elastic band) is stretched, it stores elastic 

potential energy:   

        J                              N/m                     m  

   Elastic    =  0.5 x spring constant x (extension)2 

 potential 

   energy 

                                 Ee =  ½ke2 

The spring constant is a measure of the 

stiffness of a material, and indicates how 

much force is required to cause an extension 

in length of one metre. 

Conservation of energy: 

The principle of conservation of energy states that: In a 

closed system, energy can never be or created or 

destroyed, only transferred from one form to another. 

e.g. When an object with stored gravitational potential 

energy is dropped, the gravitational potential energy is 

converted to kinetic energy (assuming negligible air 

resistance): 

EP = EK 

½mv2 = mgh 

This equation can be simplified to give the speed of an 

object when it hits the ground after falling from a certain 

height:  

v = √(2gh)  

Wasted energy and efficiency: 

Energy is not always transferred usefully. Sometimes the 

energy is dissipated (spread out) to the surroundings, 

usually as thermal energy. This energy is often described 

as wasted energy. 

Examples 

- Light bulbs dissipate energy as heat to their surroundings.  

- Energy is dissipated as thermal energy when an object falls due to 

friction with the air. 

- Energy is dissipated in machinery with moving parts due to friction 

between the parts.  

The efficiency of an energy transfer is given by:  

 

 

 

Efficiency can be improved by using lubricants to 

reduce friction between moving parts in machinery, or 

by using thermal insulation to reduce heat loss 

(particularly for houses). 

Power: 

Power is measured in watts, W. One watt is an 

energy transfer of one joule per second. 

Power is a measure of the rate at which energy is 

transferred, or the rate at which work is done. 

 

 

 

 

Energy resources: 

A renewable energy resource is one that is being 

(or can be) replenished as it is used.  

A non-renewable energy resource is one that is 

being used up faster than it is made. 

 

 

 

 

 

 

Coal, oil and natural gas are all fossil fuels. These 

energy resources are all burnt in order to release 

their energy. This releases greenhouse gases into 

the atmosphere and contributes to global 

warming and acid rain.  

The main gases causing global warming are 

carbon dioxide, methane and water vapour. 

The main gas causing acid rain is sulfur dioxide. 

Renewable energy resources do not directly 

produce greenhouse gases, but some of the 

processes they involve can contribute to pollution. 

Non-renewable: Renewable: 

Coal Wind 

Oil Hydro-electricity 

Natural gas Geothermal 

Nuclear fuel Tidal power 

 Water waves 

 Biofuel 
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Physics paper 1: Electricity 

Circuit Symbols: 

Different components in a circuit have 

different symbols: 

 

 

 

 

 

 

 

 

Current, resistance and potential 

difference: 

Electric current is a flow of electrical 

charge. It is measured in Amperes 

(amps) and is the size of the current is a 

measure of the rate of flow of electrical 

charge. Charge is measured in 

Coulombs. 

  [C]          [A]         [s] 

Charge = current x time 

 Q      =       I      x     t 

The current in a circuit (or in a 

component in a circuit) depends upon 

the potential difference and the 

resistance:  

    [V]                      [I]            [Ω] 

Potential difference = current x resistance 

    V           =            I      x       R 

Resistance is measured in Ohms. 

Potential difference (voltage) is 

measured in volts. 

Series and parallel circuits: 

Components in an electrical circuit can 

be joined either in series (where they are 

on the same loop of the circuit) or in 

parallel (where they are on different loops 

of the circuit).  

I-V characteristics: 

Ohm’s law states that the  

current through a conductor  

is directly proportional to the  

potential difference  

across it, as long as  

temperature  

remains constant. 

Some conductors 

are non-ohmic 

(they do not obey 

Ohm’s law). This is because as the 

current through a wire (or filament 

lamp) increases, the temperature also 

increases. This increases the resistance. 

Ohmic conductors: 

 

 

 

 

Non-ohmic conductors: 

Measuring resistance: 

To measure the  

resistance of a 

component, an  

ammeter is placed  in 

series with the component, and a 

voltmeter is connected in parallel 

across the component. Resistance can 

be calculated by dividing potential 

difference by current. 

LDRs and thermistors: 

 

 

 

 

The resistance of a light dependent 

resistor (LDR) decreases as the light 

intensity increases (and increases as 

the light intensity decreases. 

These resistors are used in circuits that 

cause street lamps to switch on when 

the light intensity decreases (i.e. when it 

gets dark). 

 

 

The resistance of a thermistor 

decreases if temperature increases 

(and increases if the temperature 

decreases).  

Thermistors are used  in circuits that 

control central heating (or the 

temperature of an oven) by causing 

the heat supply to turn on when the 

temperature decreases. 

Series circuits 

Parallel circuits 

In a series circuit:  

-the current is the same 

through all components. 

- the potential difference is 

shared between the 

components 

- the total resistance is equal 

to the sum of the individual 

resistances: 

               

In a parallel circuit:  

-the current is shared between the different loops 

of the circuit. 

- the potential difference across each component 

is the same. 

- the total resistance is less than the smallest 

individual resistance in the circuit: 

 

 

 

...
111

21 RRR total


...21 RRRtotal 

The resistance of an 

Ohmic conductor 

stays constant as the 

current changes. 

The resistance of a 

filament lamp 

increases with 

increasing current 

(because 

temperature  

increases). 

Diodes only allow 

current to flow in one 

direction. They have 

a very high resistance 

in the opposite 

direction. 

LDR 

Thermistor 
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Physics paper 1: Electricity 

Domestic electricity:  

An electric 

current is 

the flow of 

electrons in 

a wire.  

Batteries  

provide a  

direct current 

(d.c) which causes the current to flow 

in one direction only.  

Mains electricity provides an 

alternating current (a.c) which 

repeatedly reverses direction.  Mains 

electricity is supplied with a potential 

difference of 230V and a frequency of 

50Hz. 

Power: 

The power supplied to an appliance is 

a measure of the of the amount of 

energy transferred to the appliance 

per second. Power is measured in 

watts. One watt is one joule per 

second. 

       P     =      I        x               V  

  Power = current x potential difference 

     [W]          [A]                    [V 

When an electric current passes 

through a wire (or resistor), some of the 

energy from the electric current heats 

the wire. The power supplied is given 

by:  

           P     =        I2        x        R 

      Power = (current)2 x resistance 

         [W]            [A]              [Ω] 

Plugs: 

Most electrical appliances are 

connected to the mains using a three-

core cable: 

 

 

 

 

 

The live wire is brown. It carries 

potential difference from the supply. 

The neutral wire is blue. It completes 

the circuit. 

The earth wire is coloured with yellow 

and green stripes. It is a safety feature 

to prevent the casing of the appliance 

from becoming live. 

Appliances with a plastic casing do not 

need an earth wire, since their casing is 

an insulator. 

The case of a plug is made from 

insulating plastic, whilst the pins are 

made of conducting brass. 

The fuse is connected between the live 

pin and the live wire. If the current in 

the circuit becomes too high, the fuse 

will melt; this breaks the circuit and 

stops the current from flowing. 

Domestic fuses are available in 3A, 5A 

or 13A ratings. For any appliance, the 

correct choice of fuse is one with a 

current rating just above the normally 

expected current in the appliance. 

Transferring energy: 

When a charge flows in a circuit, work 

is done (energy is transferred to the 

components in the circuit). 

When charge flows through a resistor, 

energy is transferred to the resistor, so 

the resistor becomes hotter. 

The amount of energy transferred to  

an appliance depends upon the 

power rating of the appliance and how 

long it is switched on for: 

             E        =      P     x    t 

         Energy  = power x time 

     transferred 

             [J]            [W]       [s] 

The energy transferred can also be 

calculated from the charge flow and 

potential difference: 

           E         =       Q     x        V 

      Energy    =  charge x potential     

gtransferred        flow      difference 

          [J]                [C]             [V] 

The efficiency of an electrical 

appliance is a measure of how much 

of the energy that is supplied to the 

appliance is used usefully (and not 

wasted): 

 

 

 

 

The percentage efficiency of an 

appliance is always less than 100%, 

since energy is  lost to heating effects. 

The National Grid: 

 

 

 

 

 

 

The National Grid is a network of 

electrical cables that links the power 

stations that generate electrical power 

to the consumers (homes and 

factories). 

The amount of power wasted by 

heating of the electrical cables of the 

national grid is given by: 

           P     =        I2        x        R 

      Power = (current)2 x resistance 

         [W]            [A]              [Ω] 

By minimising the size of the electric 

current, it is possible to reduce the 

amount of power wasted (and 

increase the efficiency). This is done by 

transformers. 

Step-up transformers increase the 

potential difference of the power 

supplied by the power stations. This 

means that the potential difference in 

the cables of the National Grid is high, 

and therefore the current is low. 

Step-down transformers decrease the 

potential difference of the power from 

the electrical cables down to 230V to 

make it safer for domestic use.  
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Physics paper 1: The particle model of matter 

States of matter and density: 

 

 

 

 

 

 

 

Internal energy is the energy stored in a material by 

the particles in that material. It is the sum of the 

kinetic energies and potential energies of all the 

particles in the material. 

The density of a material is defined by the 

equation:  

 

 

For a particular material, solids are normally more 

dense than liquids  and gases because the 

particles are more closely packed, so there is the 

same amount of mass in a different volume. 

 

 

 

 

 

When objects are heated, there is a change of 

state (melting, evaporating, freezing or 

condensing). Mass is always conserved during 

changes of state. A change of state is a physical 

change because it can be reversed and the 

material regains its original properties. 

Specific latent heat: 

 

 

 

 

 

 

 

When objects are heated, the temperature does 

not always change.  

The specific latent heat (in J/kg) is the amount of 

energy needed to change the state of 1kg of a 

substance without a change in temperature.  

The specific latent heat of fusion is the latent heat 

needed for melting. The specific latent heat of 

vaporisation is the latent heat needed for 

evaporating. 

 

 

Specific heat capacity: 

The specific heat capacity of a material (in J/kgoC) 

is the amount of heat needed to change the 

temperature of 1kg of a substance by 1oC. 

 

 

The specific heat capacity equation is used when 

there is a change of temperature. The specific 

latent heat equation is used when there is a change 

of state, without a change in temperature. 

Pressure: 

Gas pressure is caused by the random movement 

of the particles in the gas. When they collide with 

themselves or the wall of their container, they 

exert a small force.  

The pressure of a gas can be increased by: 

- increasing the temperature 

- decreasing the volume of the container 

- increasing the number of particles 

 

 

 

 

 

 

 

 

The temperature of a gas is a measure of the 

average kinetic energy of the particles in the gas. 

Increasing the temperature increases the kinetic 

energy of the particles so they collide with the 

walls of the container more frequently and with 

more energy. This means that increasing the 

temperature of the gas increased the pressure 

exerted by it if the volume is kept the same. 

Pressure, measured in pascals, is given by the 

equation: 
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Physics paper 1: Atomic structure and radioactivity 

 The history of the atom 

Early 1800s: John Dalton theorised that 

atoms were tiny hard spheres of an 

element, and that they could not be 

divided. 

Late 1800s: J.J. Thompson discovered 

the electron and came up with his 

‘plum pudding’ model of the atom: 

 

 

 

10 years later: Geiger and Marsden 

(working with Rutherford) carried out 

an alpha particle scattering  

experiment which suggested that 

there must be a dense, positively 

charged centre to the atom (the  

nucleus): 

 

 

1914: Niels Bohr theorised that  

electrons were orbiting the nucleus at 

specific distance, in certain fixed  

energy levels called shells.  

Later, the existence of small positively 

charged particles in the nucleus 

called protons was suggested,  

because the charges of each  

element were multiples of the charge  

of a hydrogen atom. 

1932: James Chadwick proved the 

existence of uncharged neutrons  

within the nucleus.  

 Activity and half-life: 

The rate of decay of a source of unstable 

nuclei is called its activity,  measured in 

Becquerel (Bq). 

The count-rate is the number of decays per 

second (the number of alpha particles 

emitted per second, for example).  

Count-rate can be measured using a Geiger-

Muller tube. 

As nuclei decay, they become stable and 

there are fewer unstable nuclei left in the 

radioactive source. This means that the 

activity of a source decreases over time. 

 

 

 

 

 

The half-life of a radioactive source is the time 

it takes for the activity to decrease by half (or 

for the number of unstable nuclei to decrease 

by half). 

Contamination is when radioactive materials 

get into other materials. Irradiation is when 

materials are exposed to radiation (irradiated 

objects do not become radioactive). 

Ionisation is the process of an electron being 

removed from an atom by incident radiation. 

This can damage or kill cells; damaged cells 

can become cancerous if they divide. People 

who work with radioactive sources  should 

keep as far away from the source as possible, 

minimise the amount of time that they are 

exposed to the source for and use shielding. 

The structure of atoms: 

 

 

The basic structure of an atom is a 

positively charged nucleus 

(containing protons and neutrons) 

surrounded by negatively charged 

electrons in different energy levels 

(shells). 

Neutral atoms have the same  

number of protons as electrons. 

Atoms have a radius of about  

1x10-10m. The nucleus of the atom is 

about 1/10000th of the size of the 

atom as a whole.  

An ion is an atom that has lost or 

gained electrons and become 

charged. 

An isotope is an atom of an element 

with the same number of protons but 

a different number of neutrons. 

Electron 

Proton 

Neutron 
Nucleus 

Subatomic 

particle 

Relative 

charge 

Relative 

mass 

Proton +1 1 

Neutron 0 1 

Electron -1 0.0005 

The mass number is the total 

number of protons + neutrons. 

The atomic number is 

the number of protons. 

So an atom of sodium contains: 

 11 protons, 11 electrons and 12 neutrons. 

Positively 

charged 

cloud 

Negatively 

charged  

electrons 

Radioactive decay: 

Radioactive decay occurs when 

atoms with unstable nuclei release 

particles or waves of energy to make 

themselves more stable. It is a random 

process that is unaffected by 

physical conditions (such as 

temperature). 

Radiation is emitted from the nucleus 

of an atom. There are three different 

types: 

Alpha particles are the least 

penetrating and most ionising form of  

radiation. Gamma rays are the most 

penetrating and least ionising. 

 

 

 

 

Radioactive decay can be 

represented by nuclear equations: 

Type: What is it? Symbol: 

Alpha 

particle (α) 

A helium nucleus  

(2 protons and 2 

neutrons) 

 

Beta particle 

(β) 

A fast moving 

electron 

 

Gamma ray 

(γ) 

A  wave of energy  

Alpha radiation is 

stopped by paper or 

skin. Beta is stopped 

by about 3mm of 

aluminium. Gamma 

is reduced by thick 

concrete or lead. 

Note: the 

top and 

bottom 

rows must 

add up 

correctly. 

This source 

has a half-life 

of about 3 

minutes. 
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Homeostasis: 

Cells in the body can only survive 

within narrow physical and chemical 

limits i.e. constant temperature and 

pH as well as a constant supply of  

dissolved food and water. 

Homeostasis maintains optimal  

conditions for enzyme action and  

all cell functions. In the body these 

include control of: 

 Blood glucose concentration 

 Body temperature 

 Water levels 

All  control centres include: 

 Receptor cells which detect 

stimuli (changes in the 

environment) 

 Coordination centres (brain,  

spinal cord and pancreas) 

which receive and process 

the information from receptors 

 Effectors, muscles or glands 

which bring about responses to 

restore optimum levels 

 

The human nervous system: 

Information from receptors passes 

along cells (neurones) as electrical 

impulses to the central nervous system 

(CNS). The CNS coordinates the  

response of effectors which may be 

muscles contracting or glands  

secreting hormones. 

 

Stimulus 

 

Receptor 

 

Coordinator 

 

Effector 

 

Response  

 

Reflex arc 

 

 

 

 

 

 

Reflex actions are automatic and  

rapid; they do not involve the  

conscious part of the brain. 

Human endocrine system: 

The endocrine system is composed of 

glands which secrete chemicals 

called hormones directly into the 

bloodstream. The blood carries the 

hormone to a target organ where it 

produces an effect. Compared to the 

nervous system,  the effects are slower 

but act for longer. 

The pituitary gland in the brain is a 

‘master gland’ which secretes several 

hormones into the blood in response 

to body conditions 

 

 

 

 

 

 

 

Control of blood glucose  

concentration:  

Blood glucose concentration is  

monitored and controlled by the  

pancreas 

When blood glucose is too high, the 

pancreas produces the hormone  

insulin that causes glucose to move 

from the blood into the cells. In the 

liver and muscle cells excess glucose is 

converted and stored as glycogen. 

Type 1 diabetes is  a disorder in which 

the pancreas fails to produce  

sufficient insulin.  

 

  Normally                                  Insulin 

treated with                           injections 

Type 2 diabetes is a disorder where 

the body cells no longer respond to 

insulin produced by the pancreas 

 

  Normally                      Carbohydrate  

treated with                 controlled diet 

                                        and exercise 

 

 

 

 

 

 

 

 

 (HT only): if blood glucose is too 

low, the pancreas produces 

the hormone glucagon 

 Glucagon causes glycogen to 

be converted into  glucose and 

released into the blood 

 (HT only): glucagon interacts 

with insulin in a negative  

feedback cycle to control 

blood glucose levels  
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Hormones in human reproduction: 

During puberty reproductive  

hormones causes secondary sex  

characteristics to develop 

Oestrogen is the main female  

reproductive hormone produced in 

the ovary. One egg is released  

approximately every 28 days –  

called ovulation. 

Testosterone is the main male  

reproductive hormone produced by 

the testes. 

 

 

 

 

 

Follicle stimulating hormone (FSH): 

causes maturation of an egg in the 

ovary 

Luteinising hormone (LH): stimulates 

the release of the egg 

Oestrogen and progesterone  

maintain the uterus lining 

(HT only):  

Contraception: 

Fertility can be controlled by a variety 

of hormonal and non-hormonal  

methods of contraception. Including: 

 Oral contraception's that inhibit 

(stop) FSH production so no 

eggs mature 

 Injection, implant or skin patch 

of slow release progesterone to 

inhibit maturation and release 

of eggs 

 Barrier methods: condoms and 

diaphragms to stop the sperm 

reaching the egg 

 Spermicidal agents which stop 

sperm 

 Abstaining from intercourse 

The use of hormones to treat fertility  

(HT only): 

Modern technologies to treat infertility 

includes: giving FSH and LH in a 

‘fertility’ drug to a women.  

There is also In Vitro Fertilisation (IVF) 

treatment. This involves: 

 The mother FSH and LH to  

stimulate the maturation of  

several eggs 

 Eggs are collected from mother 

and fertilised by sperm from  

father in a laboratory 

 These fertilised eggs develop 

into embryos 

 At the stage when they are tiny 

balls of cells, one or two  

embryos are inserted into a 

mother’s uterus (womb). 

Negative feedback  

(HT only): 

 

 

 

 

 

Adrenaline is produced by the  

adrenal glands  

In times of fear or stress 

It increases the heart rate 

It boosts delivery of oxygen and  

glucose to the brain and muscles 

This prepares the body for ‘fight’ or 

‘flight’ 

 

 

 

 

 

Thyroxine comes from the thyroid 

gland 

It stimulates basal metabolic rate 

It plays an important role in growth 

and development 

Thyroxine levels are controlled by 

negative feedback 
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Sexual reproduction involves the  

fusion of two gametes (the sperm and 

the egg, or pollen and egg cells in 

plants). The mixing of genetic  

information leads to variation in the  

offspring. 

Gametes are produced by meiosis: 

 

 

 

 

 

 

 

 

Asexual reproduction only involves 

one parent and there is no mixing of 

genetic information. This leads to  

genetically identical offspring called 

clones. 

Asexual reproduction  

happens by mitosis: 

Within the nuclei of cells, there are 

chromosomes containing stored  

genetic information as DNA. Small 

sections of DNA on chromosomes are 

called genes. The full set of genetic 

information for an organism is called a 

genome. 

Scientists have studied the whole  

human genome which will improve 

our understanding of inherited  

diseases. 

 

 

 

 

 

 

 

 

 

 

DNA is a polymer (a repeating  

pattern of molecules) made up of two 

strands. It has:  

- a double helix structure  

- sugar-phosphate backbones 

- complementary base pairs held  

together by hydrogen bonding 

 

DNA contains four different bases:  

adenine, thymine, cytosine and  

guanine. These are always found in 

complementary pairs: A-T, C-G. 

Most of the characteristics of an individual are determined by more than one 

gene interacting. However, some characteristics are controlled by a single gene. 

Examples of these are fur colour in mice and red-green colour blindness in  

humans. 

Different forms of a specific gene are called alleles. An individual inherits one  

allele from each parent so it will have two alleles for each characteristic. 

The genotype is the combination of two alleles that an individual has for a  

particular characteristic. The phenotype is the expressed characteristic as a result 

of this combination of alleles (i.e. the displayed physical trait). 

When an individual has two of the same alleles for a specific characteristic it is  

homozygous. If it has two different alleles it is heterozygous. 

Dominant alleles are always given capital letters and will always be expressed in 

the phenotype if an individual has this allele. Recessive alleles are given small  

letters and will only be expressed in the phenotype if the individual is homozygous 

for this allele. 

Example:  

The allele for black fur on a mouse is given the capital letter B because it is  

dominant. The allele for brown fur on a mouse is given the small letter b because it 

is recessive. 

The possible genotypes are therefore:  

BB: Homozygous for the dominant allele, so the phenotype would be black fur. 

bb: Homozygous for the recessive allele, so the phenotype would be brown fur. 

Bb: Heterozygous, so the phenotype would be black fur. 

Genetic cross diagrams can be used to show the possible genotypes that an  

offspring could have from two known parents:  

Biology paper 2: Inheritance, variation and evolution 

The number of  

chromosomes in the 

nucleus is doubled. 

The first division 

produces two dip-

loid cells. 

A second division  

produces four 

haploid cells. 

Mitosis happens in 

three stages: 

1 - The parent cell 

replicates its DNA. 

2—The chromosomes 

are pulled to either 

side of the cell. 

3—The cell divides 

into two identical 

cells. 

This genetic cross diagram shows that 

there is a 50% chance of the offspring be-

ing homozygous for the dominant allele, 

and 50% chance of the offspring being 

heterozygous. This means there is a 100% 

chance of the offspring having black fur. 
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Some diseases, such as cystic fibrosis, 

are inherited. The allele for having 

cystic fibrosis is recessive (c). The allele 

for not having the disease is dominant 

(C).  

The genetic cross diagram below 

shows how two parents who do not 

suffer from cystic fibrosis can produce 

an offspring who has the phenotype 

of having cystic fibrosis:  

 

 

 

 

 

 

The probability of two parents having 

a boy or a girl can also be  

determined using a genetic cross  

diagram. One of the pairs of  

chromosomes in the nuclei of body 

cells determines sex: 

Males have the genotype XY. 

Females have the genotype XX. 

 

 

 

 

 

 

This genetic cross diagram shows that 

the probability of having a boy (or 

girl) is always 50%. 

There is variation in all species; there are 

differences between the characteristics 

of individuals. 

Genetic variation is due to inherited 

genes. Environmental variation is caused 

by the conditions that organisms have 

developed in. 

A species is defined as a group of  

organisms in which two individuals can  

produce fertile offspring. 

 

 

 

 

Charles Darwin came up with the theory 

of evolution by natural selection which 

can be explained in four stages:  

Variation: There is genetic variation  

within all species.  

Competition: Individuals within a species 

compete for food, space and mating 

partners.  

Survival of the fittest: Only those  

individuals who are best adapted to 

their environment will survive. 

Passing on genes: The individuals who 

survive reproduce together and their 

successful traits are passed on through 

their genetic information. 

Over many generations, this leads to the 

formation of new species. All species 

have evolved from simple life forms that 

first developed more than three billion 

Selective breeding is sometimes known as 

artificial selection.  

For thousands of years humans have been 

selectively breeding plants and animals to 

have desired genetic characteristics. Two 

individuals of a species who have the  

desired characteristics are bred together 

and, over many generations, the offspring 

also display that characteristic.  

Plants can be selectively bred for:  

- disease resistance in food crops 

- large or unusual flowers 

Animals can be selectively bred for:  

- ability to produce more food or milk 

- calm temperaments 

Inbreeding is when close relatives  

within a species are bred together and can 

cause them to display inherited  

defects. 

Genetic engineering is a process where  

scientists can modify the genome of an  

organism to give a desired characteristic. 

This is done by inserting a gene from another  

organism. 

Advantages: 

- Plants or crops can be engineered to be 

resistant to diseases and herbicides, or to 

produce increased yields (GM crops). 

- Bacteria can be engineered to produce 

insulin for treating diabetes. 

Disadvantages: 

- Concerns over the effect of GM crops on 

wild flowers and insects. 

- Some people are concerned about the 

effects of GM foods on their health. 

Evidence for Darwin’s theory of 

evolution by natural selection: 

Understanding of inheritance: 

It has been shown that  

characteristics are passed to  

offspring through genes. Darwin 

did not have knowledge of genes 

or DNA at the time but he did  

suggest that character traits were 

passed down from parents to their 

offspring. 

Fossils:  

Fossils are the preserved traces or 

remains of organisms that lived 

thousands or millions of years ago. 

We can learn how organisms have 

changed over time by examining 

fossils. 

Species of plants or animals are 

considered to be extinct when 

there are no remaining living  

individuals of that species. 

Species may become extinct due 

to natural disasters, new predators 

or diseases, or changes to their 

environmental conditions. 

Bacteria can evolve very rapidly 

due to reproducing at a fast rate. 

Some bacteria are evolving to  

become resistant to antibiotics, 

which is concerning for human 

health.  

MRSA is an example of a bacterial 

strain that is resistant to antibiotics. 

Biology paper 2: Inheritance, variation and evolution 

A lion and tiger can be 

crossed to produce a 

liger. Lions and tigers are 

different species because 

ligers are infertile. 
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A community is made up of different 

populations of different species of  

animals, plants, Protista, fungi and 

bacteria 

An ecosystem is the interaction of a 

community of living organisms (biotic) 

with the non-living (abiotic) parts of 

their environment  

 

Abiotic (non-living) factors which can 

affect a community are: 

 light intensity 

 Temperature 

 moisture levels 

 soil pH and  

mineral  

content 

 wind intensity  

and direction 

 carbon dioxide levels for plants 

 oxygen levels for aquatic  

animals. 

Biotic (living) factors are: 

 availability of  

food 

 new predators  

arriving 

 new pathogens 

 one species outcompeting  

another  

To survive and reproduce, organisms 

require a supply of materials from their 

surroundings and from the other living 

organisms there 

 Plants compete with each other 

for:  

light,  

space,  

water  

and  

mineral  

ions from  

the soil 

 Animals  

compete with each other for: 

Food, mates, territory 

If one species is removed it can affect 

the whole community—called  

interdependence 

 

 

Extremophiles are organisms that live 

in environments that are very  

extreme, such as: 

 high temperature, pressure, or 

salt concentration.  

 Bacteria living in deep sea vents 

are extremophiles. 

 

They usually have specially adapted 

enzymes that can function at  

extremely high temperatures or in  

extremely salty (saline) conditions 

Organisms have features 

(adaptations) that enable them to  

survive in the conditions in which they 

normally live. These adaptations may 

be structural, behavioural or  

functional. 

Adaptations in plants : 

 Leaves with large surface area 

(collect dew that forms) 

 Curled leaves to trap a layer of 

moisture around the leaf 

(reducing water loss by  

evaporation) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Thick waxy cuticle to prevent 

water loss 

 Cacti also have sharp spines to 

stop them being eaten 

 Fat green body of cacti is its 

stem which has water storing 

tissue 

Animals in cold climates: 

 The smaller the surface area to 

volume ratio the easier it is to 

reduce the transfer of energy 

to the environment 

 Usually have: large bodies, 

small ears, fur and a thick layer 

of blubber 

 

 

 

 

 

 

 

 

Animals in hot climates: 

 Usually: most active in the early 

morning and evening; relatively 

small with large surface area to 

volume ratios; large thin ears to 

transfer energy to surroundings  

 

 

 

 

 

 

A stable community is one where all 

the species and environmental  

factors are in balance so the  

population stays fairly constant 
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Photosynthetic organisms are the  

producers of biomass for life on earth 

Feeding relationships can be shown 

by food chains, food chains begin 

with a producer: 

 

 

 

All materials in the living world are  

recycled 

The carbon cycle returns carbon from 

organisms to the atmosphere as  

carbon dioxide to be used by plants 

in photosynthesis 

 

 

 

 

 

 

 

 

 

The water cycle provides fresh water 

for plants and animals and is  

constantly evaporated and  

precipitated 

Biodiversity is the variety of all the  

different species of organisms on 

earth, or within an ecosystem. 

A great biodiversity ensures the  

stability of ecosystems by reducing 

the dependence of one species on 

another  

Human population: 

Rapid growth in the human  

population mean that increasingly 

more resources are used and more 

waste is produced.  

As the world population grows,  

humans need more land, food and 

fuel 

Humans reduce the amount of land 

available for other animals and plants 

by building, quarrying, farming and 

dumping waste. 

Steps taken to maintain biodiversity: 

 Breeding programmes for  

endangered species 

 Protection of rare habitats 

 Reintroduction of field margins 

and hedgerows in agricultural 

areas where farmers grow only 

one type of crop 

 Reduction of deforestation and 

carbon dioxide emissions by 

some governments 

 Recycling resources  

Pollution can occur: 

 In water, from sewage, fertiliser 

or toxic chemicals in air, from 

smoke and acidic gases 

 On land, from landfill and from 

toxic chemicals. 

 Pollution kills plants and animals 

which can reduce biodiversity. 

Water pollution: 

Farmers add pesticides and  

insecticides to crops and these can be 

washed into local streams 

These can bioaccumulate as they 

pass from organisms to organism 

through the food chain: 

 

 

 

 

Air  pollution: 

when fossil fuels are burnt sulphur  

dioxide is produced when sulphur  

reacts with oxygen in the air 

This can dissolve in rainwater and  

produce acid rain: 

 

 

Large-scale deforestation in tropical 

areas has occurred to: 

 Grow staple foods such as rice 

 Rear more cattle for meat 

 Grow crops that can be used 

to make biofuels  

 The destruction of peat bogs to 

produce garden compost  

reduces the area of this habitat 

and thus the variety of different 

plant, animal and  

microorganism species that live 

there (biodiversity). 

 The decay or burning of the 

peat releases carbon dioxide 

into the atmosphere. 

Global warming: 

Levels of carbon dioxide and  

methane in the atmosphere are  

increasing, and contribute to ‘global 

warming’. 

 

 

 

 

 

 

 

 

Carbon dioxide absorbs some of the 

energy as the earth cools down and 

acts like a greenhouse for the energy 

coming in (intensifies it) 

Biology paper 2: Ecology 
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Chemistry paper 2: The rate and extent of chemical change 

Rate of reaction: 

The rate of reaction measures how much product is 

made each second (the faster the rate of reaction, 

the more product is made each second) or how 

much reactant is used each second.  

 

 

 

 

 

For solids, the quantity of reactant or products is 

usually measured in grams, g, but for liquids or gases 

it is often measured in cubic centimetres, cm3. 

 

 

 

 

 

The reaction time is the time taken for one of the 

reactant to be used up (the shorter the reaction 

time, the faster the reaction).  

The mean rate of reaction can be calculate from a 

graph by reading off values and inputting them into 

the equations above.  

Collision theory and factors that affect the rate of a 

reaction: 

In order for a chemical reaction to 

take place the particles in the 

reactants must collide with each 

other with enough energy for a reaction to occur. 

A successful collision is one in which the particles 

collide with enough energy. The activation energy 

is the minimum amount of energy that the particles 

must have in order to react.  

The collision frequency (number of successful 

collisions per second) can be increased by:  

- increasing the concentration 

- increasing the temperature 

- increasing the pressure (for gases) 

- increasing the surface area of the reactants 

This increases the rate of reaction. 

All of the changes above mean that the particles 

in the reactants will collide with each other more 

frequently. Increasing the temperature also means 

that the particles will have more energy when they 

collide. 

The surface area of a reactant can be increased 

by cutting it into smaller pieces of turning it into a 

powder.  

Increasing the surface 

area exposes more of 

the particles in the 

reactant. 

 

Catalysts and rates of reactions: 

The rate of a reaction can also be increased by 

using a catalyst. 

A catalyst is a substance that can be added to a 

chemical reaction to increase the rate of 

reaction, without changing the products of the 

reaction and without being used up. 

Catalysts do not increase the number of collisions. 

Catalysts increase the rate of a reaction by 

lowering the activation energy that the particles 

need to have for the reaction to take place. This 

means each collision is more likely to be 

successful. 

 

 

 

 

 

 

 

 

 

Catalysts are specific to particular reaction (the 

same catalyst will not work for all reactions) and 

they are unchanged at the end of the reaction. 

Only a very small mass of a catalyst is needed to 

catalyse a large amount of reactants. Chemical 

companies may use catalysts to increase their 

yields within a given time and make more profit. 

We can read the 

reaction time from 

a graph by 

looking for the 

point where the 

curve levels off to 

a horizontal line.  

The instantaneous rate of 

reaction can be found by 

drawing a tangent to the 

curve at a particular time, 

and calculating the 

gradient of the tangent. 

A will react faster than B 

because the same amount of 

reactant has been cut into 

smaller pieces. 
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Chemistry paper 2: The rate and extent of chemical change 

Reversible reactions: 

In some chemical reactions, the products of a 

reaction can react and turn back into the original 

reacts. 

Reversible reactions are represented by two half-

arrows in the equation: 

 

Examples of reversible reactions: 

ammonium chloride          ammonia + hydrogen chloride 

hydrated copper          anhydrous copper  + water 

          sulfate                              sulfate 

 

Equilibrium: 

When a reversible reaction is exothermic in the forwards 

direction, it will be endothermic in the reverse direction 

(and vice versa). In either direction, the same amount of 

energy is given out or taken in.  

When a reaction takes place in a container in which no 

reactants or products can get in our out, it is said to be a 

happening in a closed system. 

When the rate of the forwards reaction of a reversible 

reaction equals the rate of the reverse reaction, the 

reaction has reached equilibrium. 

 

                         

 

                    A + B        C + D 

 

At equilibrium, the rate of the forward reaction 

equals the rate of the reverse reaction. 

The effect of changing conditions on equilibrium 

(HT only): 

When a reaction is in equilibrium, the direction of 

the reaction can be changed by changing any of 

the following conditions: 

- the temperature of the reaction 

- the pressure 

- the concentration 

Henry Louis Le Chatelier was a French chemist who 

came up with a principle to describe the effects of 

changing conditions on a reaction in equilibrium. 

Le Chatelier’s Principle states that whenever a 

change in conditions is introduced to a system at 

equilibrium, the position of equilibrium shifts so as to 

cancel out the change.    

 

Changing concentration (HT only):  

When the concentration of one of the reactants or 

products is changed for a reaction in equilibrium, 

the concentration of all the other substances 

changes to return it to equilibrium.  

                         A + B        C + D 
                 Reactants          Products 

 

If the concentration of one of the reactants is 

increased, more products will be formed until 

equilibrium is reached again.  

If the concentration of one of the products is 

decreased, more will be produced (more 

reactants will react) until equilibrium is restored. 

 

Changing temperature (HT only):  

Chemical reactions are normally either 

exothermic or endothermic.  

An exothermic reaction is one in which energy is 

transferred out to the surroundings. 

An endothermic reaction is one in which energy is 

taken in from the surroundings.  

For a reaction in equilibrium: 

 

 

 

 

 

 

Changing pressure (HT only):  

Reversible reactions may involve changing 

numbers of gas molecules, with more gas 

molecules on one side of the reaction than the 

other. 

For reactions involving gases, altering the pressure 

can also affect the equilibrium of the reaction.  

For a gaseous reaction in equilibrium: 

 

The reversible reaction symbol. 

Rate of forward 

reaction 

Rate of backward 

reaction 

If the forward reaction is 

exothermic: 

If the forward reaction is 

endothermic: 

An increase in temperature 

decreases the amount of products 

formed 

An increase in temperature 

increases the amount of products 

formed 

A decrease in temperature 

increases the amount of products 

formed 

A decrease in temperature 

decreases the amount of products 

formed 

If the forward reaction produces 

more molecules of gas: 

If the forward reaction produces 

fewer molecules of gas: 

An increase in pressure decreases 

the amount of products formed 

An increase in pressure increases 

the amount of products formed 

A decrease in pressure increases 

the amount of products formed 

A decrease in pressure decreases 

the amount of products formed 
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Chemistry paper 2: Organic chemistry 

Hydrocarbons: 

Hydrocarbons are molecules that are made 

up of hydrogen and carbon only. 

Hydrocarbons are either alkanes or alkenes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The positive test for an unsaturated 

hydrocarbon is that it turns orange bromine 

water colourless. 

Some of the properties of hydrocarbons 

depend upon the size (chain length) of the 

molecule, such as: 

- boiling point (the temperature at which the 

liquid boils) 

- viscosity (how easily it flows) 

- flammability (how easily it burns 

Combustion:  

The combustion (burning) of hydrocarbons releases 

energy. 

Complete combustion (when there is plenty of 

oxygen): 

hydrocarbon + oxygen       carbon dioxide + water 

Incomplete combustion (when there is not enough 

oxygen): 

hydrocarbon +  oxygen       carbon monoxide + carbon + water 

Carbon monoxide is a toxic gas that can replace 

the oxygen in a person’s red blood cells. 

 

Properties of hydrocarbons: 

The properties of hydrocarbons depend upon their 

chain length. These properties influence how the 

hydrocarbons are used as fuels. 

 

 

 

 

 

Hydrocarbon chains are made longer by having 

more carbon atoms in the chain (and more 

hydrogen atoms in line with the general formulae). 

The first four alkanes are: 

Methane: CH4 

Ethane: C2H6 

Propane: C3H8 

Butane: C4H10 

Most of the hydrocarbons found in crude oil are 

alkanes. Their differences in properties can be used 

to separate them. 

Fractional distillation and cracking: 

Crude oil is a finite resource (there is a limited supply) and a 

non-renewable resource (it is being used up faster than it is 

produced). 

Crude oil is a dark liquid containing many different carbon 

compounds, produced over millions of years from biomass 

(mainly plankton, but also other plants and animals) that was 

buried in mud. 

Crude oil can be separated into different parts (called 

fractions) by a process called fractional distillation. Each 

fraction contains hydrocarbons with similar chain lengths. 

Crude oil is heated in the bottom of a  

fractionating column. The fractions with  

the shortest chain lengths have the  

lowest boiling points so they evaporate  

and rise up the column, before  

condensing near the top and being  

collected. The fractions with the highest 

boiling points are collected nearer the  

bottom of the column. 

Many different fuels are produced  

from crude oil including petrol,  

diesel oil, kerosene and liquid  

petroleum gas  (LPG).  

Other useful materials are also formed from the different 

fractions including solvents, lubricants, polymers and 

detergents. 

The products of fractional distillation are not well matched to 

our demand. The process of cracking can be used  to break 

longer less useful hydrocarbon chains into shorter more useful 

ones. Longer chain fractions can be cracked by: 

- passing them over a hot catalyst OR 

- mixing them with steam and then heating them 

Both of these methods are examples of thermal 

decomposition. 

Alkanes: Alkenes: 

Name ends in –ane (such 

as ethane) 

Name ends in –ene (such 

as ethene) 

Saturated hydrocarbons 

(no more hydrogen 

atoms can be added) 

Unsaturated 

hydrocarbons 

Only contains single  

carbon-carbon bonds 

Contains a double  

carbon-carbon bond 

The general formula for 

an alkane is CnH(2n+2) 

The general formula for 

an alkene is CnH2n 

Generally less reactive 

than alkenes 

Generally more reactive 

than alkanes 

Do not react with 

bromine water 

Turn orange bromine 

water colourless 

Example: ethane Example: ethene 
Longer hydrocarbon chains 

have: 

- higher boiling points 

- higher viscosity (thick liquids) 

Shorter chains have: 

- lower boiling points 

- lower viscosity (runny 

liquids) 

- higher flammability 
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Chemistry paper 2: Chemical analysis 

Pure substances and mixtures: 

A pure substance is a single element or compound, 

not mixed with any other substance. 

The composition of a pure substance cannot be 

changed. It is the same in all parts of a piece of the 

substance and it cannot be separated in to other 

substances using physical methods. 

i.e. Water is a pure substance, even though it contains both 

hydrogen and oxygen, because there is always two hydrogen 

atoms to each oxygen atom (H2O). 

Pure substances have fixed melting and boiling 

points. This can be used to identify whether a 

substance is pure or a mixture. 

 

 

 

 

 

 

 

 

The melting and boiling points of an element or a 

compound are called its fixed points.  

 

Formulations: 

A formulation is a mixture that has been 

designed as a useful product. The components 

of formulations and the proportions in which they 

are mixed are chosen carefully to give the 

required properties. 

Example:  

Paints are an example of a formulation, consisting of 

components carefully selected for their properties: 

- a pigment to provide colour 

- a binding medium to allow the paint to stick to the wall 

- a solvent the help the paint to spread well by thinning it out 

Formulations include fuels, cleaning agents, 

paints, medicines, alloys, fertilisers and foods. 

Testing for gases: 

To test for hydrogen gas, a lit  

splint is held into a test tube  

containing the gas being  

tested. The positive test for hydrogen is that 

hydrogen burns with a ‘squeaky pop’.  

To test for oxygen, a glowing splint is placed into 

a test tube of the gas. The positive test for 

oxygen is that it will relight the glowing splint. 

To test if a gas is carbon  

dioxide, it is bubbled  

through limewater. The  

positive test for carbon  

dioxide is that it turn the  

limewater milky (cloudy). 

Chlorine is a toxic gas. The positive test for 

chlorine is that when damp litmus paper is put 

into chlorine gas the paper turns white.  

Chromatograms:  

Paper chromatography is a technique that can be 

used to analyse the substances in different 

compounds. 

A line is drawn at the  

bottom of the  

chromatography paper, and  

spots of the compounds  

being tested are placed on  

the line. The line is drawn in 

pencil because pencil is 

insoluble so will not affect the 

results.  

The paper is then placed with its end in a solvent (normally 

water) which is absorbed and carried up the paper. The 

pencil line and the compounds being tested must be 

above the surface of the water.  

The substances in the compounds being tested are 

separated because the different substances are 

carried up the paper at different rates.  

The solvent is called the mobile phase.  

The paper is called the stationary phase (which  

the different substances move through).  

The resulting paper with the separated components 

on it is called a chromatogram. 

The retention factor (Rf value) 

 is calculated using the  

following equation: 

 

 

The Rf value of a substance  

is always less that 1. 

The heating graph for pure water has plateaus at the melting and boiling 

points as all parts of the substance melt and boil at the same temperature.  

This graph shows 

that the blue 

curve is a pure 

substance, whilst 

the red curve is a 

mixture (it does 

not have a sharp 

boiling point). 
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Chemistry paper 2: Chemistry of the atmosphere 

The history of our atmosphere 

Evidence for the early atmosphere is limited 

because of the time scale of 4.6 billion years. 

1. One theory suggests that during the 

first billion years of the Earth’s  

existence there was intense volcanic 

activity  

This activity released gases that 

formed the early atmosphere and  

water vapour that condensed to form 

the oceans.  

2. At the start of this period the Earth’s  

atmosphere may have been like the  

atmospheres of Mars and Venus  

today, consisting of mainly carbon 

dioxide with little or no oxygen gas. 

3. Volcanoes also produced nitrogen 

which gradually built up in the  

atmosphere  

4. When the oceans formed, carbon  

dioxide dissolved in the water and 

carbonates were precipitated  

producing sediments, reducing the 

amount of carbon dioxide in the  

atmosphere. 

For 200 million years, the proportions of 

different gases in the atmosphere have been 

much the same as they are today: 

 

 

 

Oxygen and the atmosphere: 

 Algae first produced oxygen about 2.7 

billion years ago and soon after this 

oxygen appeared in the atmosphere.  

 Over the next billion years plants 

evolved and the percentage of oxygen 

gradually increased to a level that  

enabled animals to evolve. 

 Algae and plants produced the oxygen 

that is now in the atmosphere by  

photosynthesis, which can be  

represented by the equation: 

 

 

Algae and plants decreased the percentage 

of carbon dioxide in the atmosphere by  

photosynthesis. 

Carbon dioxide was also decreased by the 

formation of sedimentary rocks and fossil 

fuels that contain carbon: 

 Coal is formed from thick deposits of 

dead plant material 

 Natural gas and crude oil were formed 

from the remains of plankton 

 In this way, much of the carbon  

dioxide rich atmosphere became 

locked in the Earth’s crust 

Greenhouse gases: 

Greenhouse gases in the atmosphere  

maintain temperatures on Earth high enough 

to support life. Water vapour, carbon dioxide 

and methane are greenhouse gases. 

 

 

 

 

 

 

 

 

More fossil fuels than ever are used to make 

electricity — this releases carbon dioxide 

Another greenhouse gas, Methane gets into 

the atmosphere from swamps and rice fields 

as well as emissions from cattle! 

Many scientists believe that human  

activities will cause the temperature of the 

Earth’s atmosphere to increase at the  

surface and that this will result in global 

climate change. 

 An increase in average global  

temperature is a major cause of  

climate change. 

Consequences: 

 Rising sea levels, more common  

extreme weather, changes in rainfall, 

changes in species distribution  

The carbon footprint is the total amount of 

carbon dioxide and other greenhouse gases 

emitted over the full life cycle of a product 

The carbon footprint can be reduced by  

reducing emissions of carbon dioxide and 

methane. 

Pollution: 

The combustion of fuels is a major source of 

atmospheric pollutants. 

Most fuels, including coal, contain carbon 

and/or hydrogen and may also contain some 

sulphur. 

The gases released into the atmosphere 

when a fuel is burned may include carbon 

dioxide, water vapour, carbon monoxide, 

sulphur dioxide and oxides of nitrogen. Solid 

particles and unburned hydrocarbons may 

also be released that form particulates in the 

atmosphere. 

 

 

 

 

 

 

 

Problems with this: 

 Carbon monoxide is a toxic gas. It is col-

ourless and odourless and so is not easily 

detected. 

It is produced when incomplete  

combustion occurs (not enough  

oxygen inside an engine) 

 Sulphur dioxide and oxides of nitrogen 

cause respiratory problems in humans and 

cause acid rain. 

 Particulates cause global dimming and 
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Chemistry paper 2: Using resources 

 Natural resources, supplemented by  

agriculture, provide food, timber, clothing 

and fuels. 

 Finite resources from the Earth, oceans and 

atmosphere are processed to provide energy 

and materials. 

Examples include: metal ores to extract  

metals, crude oil to make polymers,  

limestone to make concrete and crude oil to 

make petrol and diesel 

Extracting metal ores: 

 Most copper is extracted from copper-rich 

ores (limited) using electrolysis: 

 

 

 

 

 

 

 

 Copper ores are becoming scarce and new 

ways of extracting copper from low-grade 

ores include phytomining (using plants) and 

bioleaching. (using bacteria)  

 Phytomining uses plants to absorb metal 

compounds. The plants are harvested and 

then burned to produce ash that contains 

metal compounds. 

 Bioleaching uses bacteria to produce  

leachate solutions that contain metal  

compounds. 

 The metal compounds can be processed to 

obtain the metal. 

Ways of reducing the use of resources: 

 Metals, glass, building materials, clay  

ceramics and most plastics are produced 

from limited raw materials. Much of the 

energy for the processes comes from  

limited resources.  

 Obtaining raw materials from the Earth by 

quarrying and mining causes environmental 

impacts. 

 Glass bottles, can be reused. Glass bottles 

can be crushed and melted to make  

different glass products.  

Metals can be recycled by melting and recasting or 

reforming into different products. For example, 

some scrap steel can be added to iron from a blast 

furnace to reduce the amount of iron that needs 

to be extracted from iron ore. 

Life cycle assessments (LCAs) are carried out to 

assess the environmental impact of  

products in each of these stages: 

•• extracting and processing raw materials 

•• manufacturing and packaging 

•• use and operation during its lifetime 

•• disposal at the end of its useful life, including 

transport and distribution at each stage. 

 

 

An LCA starts with the process of gathering raw 

materials needed to make the product 

It ends when all of the products are returned to 

the environment 

So, an LCA provides an estimate of the total  

environmental impact resulting from all stages of 

the product’s life-cycle 

Potable water 

For humans, drinking water should have sufficiently low levels of dissolved salts 

and microbes. Water that is safe to drink is called potable water. Potable water 

is not pure water in the chemical sense because it contains dissolved  

substances. 

Most potable water is produced by: 

 

 

 

 

 

 

 

 

 

 

 

 

Waste water treatment 

Urban lifestyles and industrial processes produce large amounts of waste water,  

sewage and agricultural waste water require removal of organic matter and 

harmful microbes. And industrial waste water may require removal of organic 

matter and harmful chemicals. 
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Physics paper 2: Forces 

Scalar and vector quantities: 

Quantities are either scalars or vectors: 

Scalar quantities have a magnitude (size). 

Vector quantities have both a magnitude 

and a direction. 

 

 

 

 

 

 

 

 

Vector quantities are represented by 

arrows - the length of the arrow represents 

the magnitude and the direction is shown 

by the direction that the arrow points in. 

e.g. 

 

Distance is a scalar quantity. 

Displacement is a vector quantity. 

 

 

 

Speed is a scalar quantity. Velocity is a 

vector quantity. 

 

The velocity of an object is its speed in a 

given direction. 

When an object is moving in a circle 

(such as a car around a roundabout) it 

could be travelling at a constant speed 

but its velocity would be changing as it is 

changing direction. 

Contact and non-contact forces: 

Forces are a push or a pull that acts 

on an object due to another object. 

All forces are either contact forces 

(where the objects are physically 

touching) or non-contact forces 

(where the objects are not touching). 

 

 

 

 

 

 

Resultant forces: 

When more than one force is acting 

on an object, the resultant force is 

the single force that would have the 

same overall effect. 

 

 

 

 

 

 

Scale drawings can be used to find 

the resultant of  

two forces that  

do not act along  

the same line. 

Speed and acceleration: 

Gravity and weight: 

Weight is the force that acts on an object due to the Earth’s gravitational 

field. The weight of an object depends upon its mass and the gravitational 

field strength at the point where the object is: 

                                [N]        [kg]                     [N/kg]                    

                            weight = mass x gravitational field strength 

                                                    W     =    m g 

Weight is measured using a newton meter.  

 

The centre of mass of an object is the point where all of  

its weight appears to act.  

The centre of mass of an irregular object can be found  

by hanging it freely and using a plumb-line (a string with 

a weight suspended from it) to trace a vertical line. The 

object is then hung from a second point and a second 

vertical line is drawn.  The centre of mass is the point on 

the object where the two lines cross.  

Scalar quantities Vector quantities 

Distance Displacement 

Speed Velocity 

Density Acceleration 

Pressure Force 

Mass Weight 

Length Momentum 

6N 3N 

A person may travel a distance of 

100m during a journey, but their 

displacement may only be 40m 

North-East. Displacement is 

measured in a straight line from the 

starting point to the finishing point. 

100m 

40m 

A person may walk at a speed of 3 metres per second  

(m/s), or at a velocity of 3m/s north. 

Contact forces Non-contact forces 

Friction Gravitational force 

Air resistance Electrostatic force 

Tension (in a rope or wire) Magnetic Force 

Normal contact force  

2N 2N 4N 4N 

Forces in the same 

direction add. The 

resultant force here is 6N 

to the right. 

Forces in opposite 

directions cancel each 

other out. The resultant 

force here is  2N to the 

left. 

Objects accelerate when there is a 

resultant force acting upon them.  

Falling objects have an acceleration of 

about 9.8 m/s2 due to gravity. As they fall, 

they speed up and the drag force 

increases. This makes the resultant force 

smaller and means that the acceleration 

will decrease. Eventually, the drag force 

balances the weight downwards and the 

resultant force become zero. At this point, 

the object no longer accelerates but falls 

at a constant speed called the terminal 

velocity. 

When an object has constant acceleration: 
(final velocity)2 - (initial velocity)2 = 2 x acceleration x distance 

           v2          -          u2        =             2as 

The speed of a moving object is rarely 

constant - objects increase or decrease 

their speed (accelerate or decelerate) 

during a journey. The average speed allows 

us to make calculations about the journey. 

Typical values of speed are: 

Walking: about 1 m/s 

Running: about 3 m/s 

Cycling: about 6 m/s 

Speed of sound: 330 m/s 

A newton meter. 
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Physics paper 2: Forces 

Graphs of motion: 

Graphs of distance against time and velocity against 

time can be used to present information about an 

object’s motion. 

 

 

 

 

 

The speed of an object can be calculated from the 

gradient of the line on a distance-time graph:  

e.g. For the red line above, in the first 4 seconds: 

speed = distance / time = 8 / 4 = 2 m/s 

Objects that are accelerating or decelerating are 

shown by curved lines on distance-time graphs: 

 

 

 

 

 

 

 

 

 

 

The acceleration of an object can be calculated 

from the gradient of a velocity-time graph. 

The distance-travelled by an object is given by the 

area underneath the graph. 

Newton’s laws of motion: 

Newton’s first law: 

An object continues with uniform 

motion unless acted upon by an  

unbalanced force.  

This means that if the forces on an object are  balanced 

(the resultant force is zero) an object that  is not moving 

will continue to not move, and an object that is moving 

will continue to move with at the same speed and in the 

same direction. 

 

 

 

 

 

Newton’s second law: 

The acceleration of an object is proportional to the 

resultant force acting on the object, and inversely 

proportional to the mass of the object. 

This means that when there is a resultant force on an 

object, it will cause the object to accelerate: 

[N]      [kg]          [m/s2] 

Force = mass x  acceleration  

F  = ma 

Newton’s third law: 

Whenever two objects interact, the forces that they 

exert on each other are equal and opposite. 

Forces come in pairs, with each of the forces acting on 

different objects. 

Inertial mass is defined as the ratio of force over  

acceleration and is a measure of how difficult it  

is to change the velocity of an object. 

Momentum (HT only): 

[kgm/s2]         [kg]        [m/s2] 

Momentum = mass x acceleration 

In a collision, momentum is conserved: 

momentum before = momentum after 

Stopping distances: 

A car’s stopping distance is made up of two key 

stages:  

Thinking distance - the distance the car travels 

during the driver’s reaction time (after seeing a 

need to stop and before applying the brakes) 

Braking distance - the distance the car travels 

after the brakes have been applied until the car 

comes to a stop. 

Stopping distance = thinking distance +  braking distance 

The thinking distance is increased  by faster 

speeds or anything that increases the driver’s 

reaction time (such as alcohol, drugs, tiredness 

or distractions). 

The braking distance is also increased by faster 

speeds, as well as wet or icy conditions, bald 

tyres or worn brakes.  

During collisions, greater decelerations (if the 

car is stopped faster) cause larger impact 

forces on the driver and passengers. 

F  = ma 

Newton’s second law shows that if the value of 

the acceleration is greater, then the force is also 

larger for an object with the same mass. 

On a distance against time 

graph, diagonal straight lines 

represent an object travelling at 

constant speed. The steeper the 

line, the faster the object. 

Straight horizontal lines represent 

objects that are stationary (not 

moving). 

tangent 

To calculate the speed at 

a particular time, draw a 

tangent to the curve and 

then calculate the 

gradient of the tangent. 

On a velocity (or speed) 

against time graph, diagonal 

straight lines represent an 

object accelerating or 

decelerating. The steeper the 

line, the greater the 

acceleration or deceleration. 

Straight horizontal lines 

represent objects that are 

travelling at a constant 

speed. 

Normal contact 

force 

Weight 

Friction Thrust 

The book will remain  

stationary. 

The car will continue to move 

in the same direction at a 

constant speed. 

 

 

e.g. The weight of the book acts on the table. 

        The normal contact force from the table 

        acts on the book.  
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Physics paper 2: Waves 

Waves and their properties: 

Waves are vibrations that pass through a material. 

They transfer energy from one place to another, but 

none of the material is transferred. 

All waves are either transverse or longitudinal. 

 

 

 

 

 

The particles in transverse waves vibrate perpendicular 

(at right-angles) to the direction that the energy 

travels.  

Water waves, light and all other electromagnetic 

waves are transverse waves. 

 

 

 

 

The particles in longitudinal waves vibrate back and 

forth parallel to the direction that the energy travels. 

Longitudinal waves also have compressions (areas 

where the particles are squashed together) and 

rarefactions (areas where the particles are spread 

further apart). 

Sound waves are longitudinal waves. 

The speed of sound waves in air can be measured by 

having two people stand a certain distance away 

from each other, where they can still see each other. If 

one of the people fires a starting gun or bangs two 

cymbals together, the other person will see it before 

he hears it and time how long it takes before he can 

hear the sound.  

Wave definitions and measurements: 

 

 

 

 

 

 

 

 

 

 

 

 

The amplitude of a wave is the maximum 

displacement of a point on a wave away from its 

rest position. 

The wavelength, λ, of a wave is the distance from 

a point on one wave to the same point on the 

adjacent (next) wave. 

The frequency, f, of a wave is the number of 

waves  passing a point per second (or the 

number of vibrations per second). 

The period, T, of the wave is the time taken for 

one complete wave to pass a given point. 

The wave speed, v, is the speed at which the 

energy is transferred through a material. 

 

Reflection and refraction (HT only): 

All waves can be reflected and refracted. 

Reflection is when waves bounce of a surface: 

 

 

 

 

 

 

 

For reflected waves, the angle of incidence is equal to 

the angle of reflection. 

Refraction is when waves change direction when they 

cross a boundary between two different materials. 

 

 

 

 

 

 

 

 

 

Refraction occurs because  

waves travel at different  

speeds in different materials. 

Direction of energy travel 

Direction of energy travel 
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Physics paper 2: Waves 

The electromagnetic spectrum: 

 

 

 

 

 

 

 

 

 

 

The electromagnetic spectrum is a continuous spectrum of waves that is 

approximately divided into seven different categories of wave based upon their 

wavelength (or frequency). 

 

 

 

 

 

 

 

 

 

All electromagnetic waves travel at a speed of 300 million metres per second  

(3 x 108 m/s) in a vacuum.  

The different waves in the electromagnetic spectrum have different uses: 

Radio waves are used for television and radio. 

Microwaves are used for satellite communications, mobile phones and cooking. 

Infrared is used for heating, cooking food and infrared cameras. 

Visible light is the light that we can see, and it is used for fibre optics. 

Ultraviolet light is used for tanning and energy efficient lamps. 

X-rays are used for medical imaging. 

Applications of electromagnetic waves: 

Sky-wave propagation: 

The ionosphere is a layer of charged  

particles in the Earth’s atmosphere. Radio  

waves are the lowest energy waves in the  

EM spectrum, so they are not penetrating  

enough to pass through the ionosphere. 

Instead, radio waves pass are refracted from the ionosphere and reflected from 

the surface of the Earth. Microwaves are the highest energy waves in the EM 

spectrum; they can pass through the ionosphere to satellites for communication. 

Cooking with waves:  

Infrared waves are used in toasters and conventional ovens. They only cook the 

surface of the food (the rest of the food is cooked by conduction or 

convection). Microwaves cook food faster than infrared waves because they 

penetrate further into the food (about 1cm) and heat up the fat and water 

molecules. 

X-rays: 

X-rays can pass through soft tissue, but are absorbed by bones. 

The X-rays that pass through the patient strike a film on the other 

side of the patient and cause it to darken. The bones form a  

‘negative image’ (like a shadow) on the film. 

Uses of gamma rays: 

- Gamma rays can be used to kill bacteria in food or on surgical instruments. 

- Gamma rays can be targeted at cancerous tumours to kill the cancerous cells. 

This needs to be done from several different directions to avoid exposing healthy 

cells to harmful doses of gamma radiation. 

Dangers of electromagnetic waves: 

All objects emit (give out) infrared radiation. The hotter the object, the more 

infrared radiation it emits. Infrared radiation can damage, burn or kill skin cells by 

heating them.  

Ultraviolet waves and X-rays can damage human body tissue. The effects 

depend upon the size of the dose. Excessive exposure to ultraviolet radiation 

from the sun can be a cause of skin cancer. This is because the UV radiation can 

ionise cells in the body in a similar way to alpha, beta or gamma radiation. 

Visible light is the only part of the EM 

spectrum that we can see. It is broken 

down into the different colours.  
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Physics paper 2: Magnetism and electromagnetism 

Magnetism: 

A magnetic field is a region around a magnet 

where a force acts on another magnet or 

magnetic material. 

Magnetic field lines 

are always drawn 

pointing away from 

the north pole and 

towards the south 

pole. 

The magnetic field around a magnet can be 

shown using plotting compasses or iron filings. 

 

 

 

 

 

A permanent magnet always has a magnetic field 

around it. An induced magnet is only magnetic 

when it is in the presence of another magnetic 

field. 

When two magnets  

are near each  

other, opposite  

poles attract and  

like poles repel.  

 

Magnetic 

materials are 

always attracted 

to either pole 

of a magnet. 

Magnetic fields: 

The Earth has a magnetic field. The  

geographic north pole of the Earth 

is the magnetic south pole, and  

vice versa. Compasses work because the needle 

of the compass is a small magnet, and the red 

part (the needle’s north pole) is attracted to the 

magnetic south pole of the Earth, so it points 

north. 

Current carrying wires: 

A current–carrying wire has a magnetic field 

around it. The magnetic field around a single 

current carrying wire has the pattern of 

concentric circles. 

The direction of the  

magnetic field lines can  

be shown using the  

right-hand grip rule. 

The strength of the magnetic field can be 

increased by increasing the current. Reversing 

the current reverses the magnetic field. 

The magnetic field around  

a single loop of wire can  

also be found using the  

right-hand grip rule. 

A solenoid is a long coil off wire, that has the 

same magnetic field pattern as a bar magnet: 

The poles of the solenoid  

can be determined by  

looking at the direction  

of the current at the ends: 

Clockwise current  

direction indicates a south pole. Anti-clockwise 

current direction indicates a north pole. 

The motor effect: 

When a current-carrying 

wire is in the field of a  

permanent magnet, the  

two magnetic fields 

interact and cause a 

force on the wire. This is called the motor effect. 

The direction of the force  

on the wire can be found  

using Fleming’s left-hand  

rule (the first finger points  

north to south for the  

magnetic field). 

 

 

 

 

 

 

A split-ring commutator keeps the motor spinning in 

the same direction by reversing the direction of the 

current every half-turn.  

The motor can be made to spin faster by:  

- increasing the size of the current 

- increasing the strength of the magnetic field 

- increasing the number of turn on the coil 

The size of the force on the wire can be found using 

the following equation: 

 

 

Magnetic flux density, B, is a measure of the strength 

of a magnetic field (measured in Tesla). 

The magnetic field of a bar magnet is 

strongest at the poles, where the field 

lines are closest together. 

An electric motor works 

because the current is 

travelling in opposite 

directions on each side 

of the coil, so the forces 

on each side of the coil 

cause a rotation. 
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