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Cell Biology Knowledge Organiser – Foundation and Higher 
Required Practical
Microscopy Required Practical

•	 Includes preparing a slide, using a light microscope, 
drawing any observations – use a pencil and label important 
observations.  
 
 
 
 
 
 
 
 

Osmosis and Potato Practical 

•	 Independent variable – concentration. 

•	 Dependent variable – change in mass. 

•	 	Control variable – volume of solution, temperature, time, 
surface area of the potato.

The potato in the sugar solution will lose water and so will have 
less mass at the end; the potato in the pure water solution will 
gain water.  

Specialised Cells 
When a cell changes to become a specialised cell, it is called 
differentiation.

Prokaryotic and Eukaryotic Cells 
Animal Cells

 
 
 
 
 
 

Plant and animal cells have similarities and differences:

Bacterial Cells

Bacterial cells do not have a true nucleus, they just have a single strand of DNA 
that floats in the cytoplasm. They contain a plasmid.

Equations and Maths
Equation 

 

Maths Skills
Conversions:  
Micrometres to millimetres: divide by 1000.
Standard Form: 
0.003 = 3 × 10-3

5.6 x 10-5 = 0.0056

Specialised 
Cell

Function Adaptation

sperm To get the male 
DNA to the 
female DNA.

Streamlined head, long 
tail, lots of mitochondria to 
provide energy.

nerve To send electrical 
impulses around 
the body.

Long to cover more distance. 
Has branched connections to 
connect in a network. 

muscle To contract 
quickly.

Long and contain lots of 
mitochondria for energy.

root hair To absorb water 
from the soil.

A large surface area to absorb 
more water.

phloem Transports 
substances 
around the plant.

Pores to allow cell sap to flow. 
Cells are long and joined end-
to-end.

xylem Transports water 
through the plant.

Hollow in the centre. Tubes 
are joined end-to-end.

eyepiece

stage 
clips

focussing 
wheels

stage

light

Plant Cells 

Animal Plant

nucleus e e
cytoplasm e e
chloroplast X e
cell membrane e e
permanent vacuole X e
mitochondria e e
ribosomes e e
cell wall X e

nucleus

vacuole

cell membrane

cell wall

chloroplast
chloroplasm

mitochondria

ribosomes

nucleus

mitochondria

ribosomes
cell membrane

chromosome

cell wall

cytoplasm

cell membrane

flagella

magnification

image size

actual size

÷ ÷

×
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Cell Biology Knowledge Organiser - Foundation and Higher

Chromosomes and Mitosis 
In the nucleus of a human cell there are 
23 pairs of chromosomes. Chromosomes 
contain a double helix of DNA. Chromosomes 
have a large number of genes.

The cell cycle makes new cells. 

Mitosis: DNA has to be copied/replicated 
before the cell carries out mitosis. 

Stem Cells
Embryonic stem cells are undifferentiated 
cells, they have the potential to turn into any 
kind of cell. 

Adult stem cells are found in the bone 
marrow, they can only turn into some types 
of cells e.g. blood cells. 
 Uses of stem cells:

•	 Replacing faulty blood cells;

•	 	making insulin producing cells;

•	 	making nerve cells.  

Some people are against stem cell research.

 
 
 
 
 
 
 
 
 
 
 
 
Stem Cells in Plants

In plants, stem cells are found in the meristem. 
These stem cells are able to produce clones 
of the plant. They can be used to grow crops 
with specific features for a farmer, e.g. disease 
resistant.

Exchange – Humans 
Multicellular organisms have a large surface are to volume 
ratio so that all the substances can be exchanged. 

Gas exchange: Lungs

The alveoli are where gas exchange takes place. 

They have a large surface area, moist lining, thin walls and a 
good blood supply.

Villi: Small Intestine

Millions of villi line the small intestine increasing the surface 
area to absorb more digested food. 

They are a single layer of cells with a good blood supply. 

Key Processes
Diffusion is the spreading out of  
particles from an area of higher  
concentration to an area of lower  
concentration.

Cell membranes are semi-permeable,  
only small molecules  
can get through.

Osmosis is the movement of water  
molecules across a partially  
permeable membrane from a region  
of higher concentration to a region  
of lower concentration.

Active transport is the movement  
of substances against the concentration  
gradient. This process requires  
energy from respiration.

Exchange in Fish 
Fish have a large surface area for gas exchange. These are called 
gills. Water enters the fish through the mouth and goes out 
through the gills. The oxygen is transported from the water to 
the blood by diffusion. Carbon dioxide diffuses from the blood 
to the water. Each gill has gill filaments which give the gills a 
large surface area. Lamellae cover each gill filament to further 
increase the surface area for more gas exchange. They have a 
thin surface layer and capillaries for good blood supply which 
helps with diffusion. 

Key Vocabulary
active transport 
alveoli 
chromosome 
diffusion
eukaryotic 
gas exchange 
mitosis 
multicellular 
osmosis 
prokaryotic 
undifferentiated 
replicated 
specialised 
villi 

Exchange in Plants  
 
 
 

 
 

The surface of the leaf is flattened to increase the surface area 
for more gas exchange by diffusion. 

Oxygen and water vapour diffuse out of the stomata. Guard 
cells open and close the stomata, controlling water loss.  

For Stem Cell Research Against Stem 
Cell Research 

Curing patients with 
stem cells - more 
important than the 
rights of embryos. 

Embryos are 
human life.

They are just using 
unwanted embryos from 
fertility clinics, which 
would normally be 
destroyed. 

Scientists 
should find 
other sources 
of stem cells.

CO2
oxygen

Cell Diffusion

Active Transport in Cells
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AQA GCSE (Combined Science) Unit 4: Bioenergetics Higher    
Photosynthesis

Photosynthesis is a chemical reaction which takes place in 
plants. It converts carbon dioxide and water into glucose and 
oxygen. It uses light energy to power the chemical reaction, 
which is absorbed by the green pigment chlorophyll. This means 
that photosynthesis is an example of an endothermic reaction.  
The whole reaction takes place inside the chloroplasts which 
are small organelles found in plant cells.

Plants acquire the carbon dioxide via diffusion 
through the stomata of their leaves. The water 
is absorbed from the soil through the roots and 
transported to the cells carrying out photosynthesis,  
via the xylem.

The glucose made in photosynthesis is used for respiration, 
stored as starch, fat or oils, used to produce cellulose or used 
to produce amino acids for protein synthesis.

The Rate of Photosynthesis and Limiting Factors
A limiting factor is something which stops the photosynthesis 
reaction from occurring at a faster rate. Temperature, light 
intensity and carbon dioxide level are all limiting factors.

Increasing the temperature of the surroundings will increase 
the rate of reaction, but only up to around 45°C. At around 
this temperature, the enzymes which catalyse the reaction 
become denatured.

Increasing the light intensity will increase the rate of reaction 
because there is more energy to carry out more reactions.
Increasing the carbon dioxide concentration will also 
increase the rate of reaction because there are more reactants 
available.

The Effect of Light Intensity on the Rate of Photosynthesis (RPI)

The amount of light a plant receives affects the rate of photosynthesis. If a plant 
receives lots of light, lots of photosynthesis will occur. If there is very little or no 
light, photosynthesis will stop.

  Method
1.	 Measure 20cm³ of sodium hydrogen carbonate solution and pour into a 

boiling tube.

2.	 Collect a 10cm piece of pondweed and gently attach a paper clip to one end.

3.	 Clamp the boiling tube, ensuring you will be able to shine light onto the 
pondweed.

4.	 Place a metre rule next to the clamp stand.

5.	 Place the lamp 10cm away from the pondweed.

6.	 Wait two minutes, until the pondweed has started to produce bubbles.

7.	 Using the stopwatch, count the number of bubbles produced in a minute.

8.	 Repeat stages 5 to 7, moving the lamp 10cm further away from the 
pondweed each time until you have five different distances.

9.	 Now repeat the experiment twice more to ensure you have three readings for 
each distance.

The independent variable was the light intensity.

The dependent variable was the amount of bubbles produced. Counting the bubbles 
is a common method, but you could use a gas syringe instead to more accurately 
measure the volume of oxygen produced.
The control variables were same amount of time and same amount of pondweed.  
A bench lamp is used to control the light intensity and the water in the test tube 
containing the pondweed is monitored with a thermometer to monitor and control 
the temperature.

Interaction of Limiting Factors (HT only)

The limiting factor for the reaction will depend on the environmental 
conditions.
For example:
At night, light intensity is the limiting factor.
In winter, temperature is the limiting factor.
In other conditions, carbon dioxide is usually the limiting factor.

From the graph, you can see that increasing one of the factors will also 
increase the rate of reaction, but only for so long before it plateaus. 
This is because another factor will have then become the limiting 
factor. E.g. you could increase the supply of carbon dioxide, but if there 
is not enough chlorophyll to absorb the sunlight, then the sunlight will 
become the limiting factor instead.

Greenhouse Economics (HT only)

To grow plants in the most suitable conditions, a greenhouse can be used.

A greenhouse traps the sun’s radiation as heat inside the greenhouse,  
so that temperature is not a limiting factor for the rate of photosynthesis.

Artificial lighting can be installed in the greenhouse to provide constant light 
energy and prevent light intensity being a limiting factor. 

A paraffin heater can be used in the greenhouse to not only maintain a 
suitable temperature, but the by-product of the combustion off the paraffin 
is carbon dioxide.

Enclosing the crops in a greenhouse and regulating all the conditions in 
this way can be expensive; however, it is often outweighed because the 
harvest of the crop is much healthier, faster-grown crops. Furthermore, the 
enclosed conditions mean that disease and pests can be easily controlled 
and prevented.

Tank/beaker of water between lamp & pondweed

lamp

Metre ruler

Water

Boiling tube
(clamped in place)

Pondweed
weighted 

with paperclip
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AQA GCSE (Combined Science) Unit 4: Bioenergetics Higher    
Respiration

Respiration is the chemical reaction which occurs inside the mitochondria 
of all living cells to release energy for living functions and processes, e.g. 
movement, warmth and building larger molecules for growth and repair. The 
reaction is exothermic, meaning that energy is released to the surroundings. 

Respiration can be either aerobic (using oxygen) or anaerobic (without 
using oxygen).

In anaerobic respiration, the glucose is not completely oxidised. This means 
that there is less energy released than in aerobic respiration.

In plants and yeast, anaerobic respiration makes some different products. 
The reaction is also called fermentation and is used in bread-making and 
beer-brewing.

Inverse Square Law and Light Intensity

The inverse square law is used to describe the light intensity at 
different distances from the source.

The inverse square law states that: the intensity of light is 
inversely proportional to the square distance from the source.

Light intensity is calculated by the following equation:

light intensity ∝

•	 The symbol, ∝, means ‘is proportional to’.
•	 Distance is measured in metres, m.

In other words, if an object is moved twice as far away from 
the light source, the light intensity received is reduced to just 
one quarter.

Worked example:

If the light source is 10cm from a plant, calculate the light 
intensity reaching the plant.

1 ÷ (distance²)
1 ÷ (0.10 × 0.10)
1 ÷ 0.01
= 100 arbitrary units

If the light source is moved 25cm from the plant, calculate the 
light intensity reaching the plant.
1 ÷ (distance²)
1 ÷ (0.25 × 0.25)
1 ÷ 0.0625
= 16 arbitrary units

Effect of Exercise

When a person exercises, their body (specifically their muscles) need much 
more energy. To release more energy, the amount of respiration reactions 
occurring has to increase.
The heart pumps faster and the breathing rate and breath volume all 
increase to supply more oxygen to the muscles via the bloodstream.

If the muscles are not receiving enough oxygen to keep up the demand 
needed by the respiration reactions, then anaerobic respiration begins to 
occur. This incomplete oxidation of the glucose produces lactic acid, which 
can build up in the muscles and results in an oxygen debt.

After long periods of exercise, the muscles can become fatigued and stop 
contracting. You might experience a pain commonly called a stitch.

Metabolism

Metabolism is the combination of 
all the reactions in a cell or in the 
body.

Energy released during respiration 
is used during metabolic processes 
to synthesise new molecules:

•	 Glucose is converted to starch, 
glycogen and cellulose.

•	 Glycerol and three fatty acids are 
joined to form a lipid molecule.

•	 Glucose and nitrate ions are joined 
to form amino acids.

•	 Amino acids are joined to form 
proteins.

•	 Excess proteins are broken down 
and released as urea during 
excretion.

Respiration itself is also a process 
which is included in metabolism.

Oxygen Debt (HT only)

During vigorous exercise, the body 
can begin to carry out anaerobic 
respiration and produces lactic acid.

Lactic acid is transported via the 
bloodstream to the liver. The liver 
converts the lactic acid back into 
glucose. However, oxygen is needed 
to carry out this reaction.

The oxygen debt is the amount of 
the oxygen required by the body to 
convert the built-up lactic acid back 
into glucose and remove it from the 
respiring cells.

1
2distance

light intensity

distance from light source

1

2

3

¼

1

¼9

ethanol
C  H  OH2 5
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Chromatography – to 
separate out mixtures.

Evaporation – to 
separate a soluble 
salt from a solution; 
a quick way of 
separating out the salt.

Atomic Structure and the Periodic Table – Foundation and Higher 
Atoms 
Contained in the nucleus are the protons and neutrons. Moving around the nucleus are 
the electron shells. They are negatively charged.

Overall, atoms have no charge; they have the same number of protons as electrons. An 
ion is a charged particle - it does not have an equal number of protons to electrons. 

Atomic Number and Mass Number 

Equations and Maths 
To calculate the relative atomic mass, use 
the following equation:
relative atomic mass (Ar) = 

Balancing Symbol Equations 
There must be the same number of atoms on 
both sides of the equation:
CH4 + 2O2     2H2O + CO2

C = 1 
O = 4 
H = 4

Mixtures, Chromatography and Separation
Mixtures – in a mixture there are no chemical 
bonds, so the elements are easy to separate. 
Examples of mixtures are air and salt water. 

Separating out salt from rock salt:

1.	 Grind the mixture of rock salt.
2.	 Add water and stir.
3.	 Filter the mixture, leaving the sand in the 

filter paper
4.	 Evaporate the water from the salt, leaving 

the crystals. 

Elements  
Elements are made of atoms with the same atomic number. Atoms can be represented as 
symbols.

N = nitrogen      F = fluorine      Zn = zinc      Ca = calcium 

Isotopes – an isotope is an element 
with the same number of protons 
but a different number of neutrons. 
They have the same atomic number, 
but different mass number. 

Compounds – a compound is when two or more elements are chemically joined. 
Examples of compounds are carbon dioxide and magnesium oxide. Some examples of 
formulas are CO2, NaCl, HCl, H20, Na2SO4. They are held together by chemical bonds and 
are difficult to separate.

Chemical Equations
A chemical reaction can be shown by using a 
word equation. 

e.g. magnesium + oxygen    magnesium oxide 

On the left-hand side are the reactants, and 
the right-hand side are the products. 

They can also be shown by a symbol 
equation. 

e.g. 2Mg + O2     2MgO 

Equations need to be balanced, so the same 
number of atoms are on each side. To do this, 
numbers are put in front of the compounds. 

CH4 + 2O2     2H2O + CO2

Filtration – to separate 
solids from liquids.

Crystallisation -  to 
separate a soluble 
salt from a solution; 
a slower method of 
separating out salt. 

piece of wood

pin

paper

beaker

ink spot
water

start
mass numberatomic 

number

Particle Relative Mass Charge 

proton 1 +1

neutron 1 0

electron Very small -1 

Isotope Protons Electrons Neutrons

1 1 1 - 1 = 0

1 1 2 - 1 = 1

1 1 3 - 1 = 2

sum of (isotope abundance × isotope mass number)
sum of abundances of all isotopes 

1

1 H
2

1 H
3

1 H
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Atomic Structure and the Periodic Table – Foundation and Higher 
Distillation 
To separate out mixtures of liquids.

1.	 Simple distillation – separating a liquid 
from a solution.

2.	 Fractional distillation – separating out a 
mixture of liquids. Fractional distillation 
can be used to separate out crude oil into 
fractions.

History of the Atom Development of the Periodic 
Table
In the early 1800s, elements 
were arranged by atomic mass. 
The periodic table was not 
complete because some of the 
elements had not been found. 
Some elements were put in the 
wrong group. 
Dimitri Mendeleev (1869) left 
gaps in the periodic table. He put 
them in order of atomic mass. 
The gaps show that he believed 
there was some undiscovered 
elements. He was right! Once 
found, they fitted in the pattern. 

The Modern Periodic Table 
Elements are in order of atomic 
mass/proton number. It shows 
where the metals and non-
metals are. Metals are on the 
left and non-metals on the 
right. The columns show the 
groups. The group number 
shows the number of electrons 
in the outer shell. The rows are 
periods – each period shows 
another full shell of electrons. 
The periodic table can be used 
to predict the reactivity of 
elements. 

Alkali Metals 
The alkali metals (group 
1 elements) are soft, very 
reactive metals. They all 
have one electron in their 
outer shell, making them 
very reactive. They are low 
density. As you go down 
the group, they become 
more reactive. They get 
bigger and it is easier to 
lose an electron that is 
further away from the 
nucleus. 
They form ionic compounds 
with non-metals. 
They react with water and 
produce hydrogen. 
E.g.
lithium + water    
lithium hydroxide + hydrogen 

2Li + 2H2O     2LiOH + H2 

They react with chlorine 
and produce a metal salt.

E.g.
lithium + chlorine   
lithium chloride

2Li + Cl2     2LiCl

They react with oxygen to 
form metal oxides. 

Group 7 Elements and Noble Gases
Halogens 

The halogens are non-metals: fluorine, chlorine, bromine, iodine. As 
you go down the group they become less reactive. It is harder to gain 
an extra electron because its outer shell is further away from the 
nucleus. The melting and boiling points also become higher. 

Noble Gases

The noble gases (group 0 elements) include: helium, neon and argon. 
They are un-reactive as they have full outer shells, which makes them 
very stable. They are all colourless gases at room temperature. 

The boiling points all increase as they go down the group – they have 
greater intermolecular forces because of the increase in the number of 
electrons.

Electronic Structure
Electrons are found in shells. A 
maximum of two in the most inner 
shell, then eight in the 2nd and 3rd 
shell. The inner shell is filled first, 
then the 2nd then the 3rd shell. 

Scientist Time Discovery

John Dalton start of 19th 
century

Atoms were first described as solid spheres. 

JJ Thomson 1897 Plum pudding model – the atom is a ball of 
charge with electrons scattered.

Ernest Rutherford 1909 Alpha scattering experiment – mass 
concentrated at the centre; the nucleus is 
charged. Most of the mass is in the nucleus. 
Most atoms are empty space.

Niels Bohr around 1911 Electrons are in shells orbiting the nucleus.

James Chadwick around 1940 Discovered that there are neutrons in the 
nucleus. 

thermometer (100oc)

salt
heat

water

furnace
lubricating oil,
parafin wax, asphalt

crude oil

gas 20°C
150°C
200°C
300°C
370°C
400°C

gasoline (petrol)
kerosene
diesel oil

fuel oil

Metals and Non-metals 
They are found at the left part of the periodic 
table. Non-metals are at the right of the table. 

Metals 

Are strong, malleable, good conductors of 
electricity and heat. They bond metallically. 

Non-Metals

Are dull, brittle, and not always solids at room 
temperature. 
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AQA GCSE Chemistry (Combined Science) Unit 2: Bonding, Structure and Properties of Matter 
 
 
 
 
 
 
 
 
 
 
 

The three states of matter are solid, liquid and gas.

For a substance to change from one state to another, 
energy must be transferred.

The particles gain energy. This results in the breaking 
of some of the attractive forces between particles 
during melting.

To evaporate or boil a liquid, more energy is needed 
to overcome the remaining chemical bonds between 
the particles.

Note the difference between boiling and evaporation. 
When a liquid evaporates, particles leave the surface 
of the liquid only. When a liquid boils, bubbles of 
gas form throughout the liquid before rising to the 
surface and escaping.

The amount of energy needed for a substance to 
change state is dependent upon the strength of the 
attractive forces between particles. The stronger 
the forces of attraction, the more energy needed 
to break them apart. Substances that have strong 
attractive forces between particles generally have 
higher melting and boiling points.

Solid

The particles in a solid are arranged in a regular 
pattern. The particles in a solid vibrate in a fixed 
position and are tightly packed together. The particles 
in a solid have a low amount of kinetic energy.

Solids have a fixed shape and are unable to flow like 
liquids. The particles cannot be compressed because 
the particles are very close together. 

Liquid

The particles in a liquid are randomly arranged.  
The particles in a liquid are able to move around each 
other. The particles in a liquid have a greater amount 
of kinetic energy than particles in a solid. 

Liquids are able to flow and can take the shape of 
the container that they are placed in. As with a solid, 
liquids cannot be compressed because the particles 
are close together.

Gas

The particles in a gas are randomly arranged. 
The particles in a gas are able to move around 
very quickly in all directions. Of the three states of 
matter, gas particles have the highest amount of 
kinetic energy. 

Gases, like liquids, are able to flow and can fill the 
container that they are placed in. The particles in a 
gas are far apart from one another which allows the 
particles to move in any direction.

Gases can be compressed; when squashed,  
the particles have empty space to move into.

Limitations of the Particle Model (HT only) 

The chemical bonds between particles are not represented in the diagrams above. 

Particles are represented as solid spheres – this is not the case. Particles like atoms are mostly empty space. 
Particles are not always spherical in nature.

Identifying the Physical State of a Substance

If the given temperature of a substance is lower 
than the melting point, the physical state of the 
substance will be solid.

If the given temperature of the substance is between 
the melting point and boiling point, the substance 
will be a liquid.

If the given temperature of the substance is higher 
than the boiling point, the substance will be a gas. 

State Symbols

In chemical equations, the three states of matter are represented as symbols:

solid (s) 

liquid (l)

gas (g)

aqueous (aq)

Aqueous solutions are those that are formed when a substance is dissolved in water.
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Formation of Ions 

Ions are charged particle. They can be either 
positively or negatively charged, for example Na or 
Cl .

When an element loses or gains electrons, it becomes 
an ion. 

Metals lose electrons to become positively charged.

Non-metals gain electrons to become negatively 
charged.

Group 1 and 2 elements lose electrons and group 6 
and 7 elements gain electrons.

Metallic Bonding

Metallic bonding occurs between 
metals only. Positive metal ions are 
surrounded by a sea of delocalised 
electrons. The ions are tightly 
packed and arranged in rows. 

There are strong electrostatic forces 
of attraction between the positive 
metal ions and negatively charged 
electrons.

Pure metals are too soft for many 
uses and are often mixed with other 
metals to make alloys. The mixture 
of the metals introduces different-
sized metal atoms. This distorts 
the layers and prevents them 
from sliding over one another.  
This makes it harder for alloys to be 
bent and shaped like pure metals. 

Metals and Non-metals

Metals are found on the left-hand side of the 
periodic table. Metals are strong, shiny, malleable 
and good conductors of heat and electricity. On the 
other hand, non-metals are brittle, dull, not always 
solids at room temperature and poor conductors of 
heat and electricity. Non-metals are found on the 
right-hand side of the periodic table.

Ionic Bonding

Ionic bonding occurs between a metal and a 
non-metal. Metals lose electrons to become 
positively charged. Opposite charges are 
attracted by electrostatic forces – an ionic 
bond. 

Ionic Compounds
Ionic compounds form structures called giant 
lattices. There are strong electrostatic forces 
of attraction that act in all directions and 
act between the oppositely charged ions that 
make up the giant ionic lattice.

Properties of Ionic Compounds
•	 High melting point – lots of energy needed 

to overcome the electrostatic forces of 
attraction.

•	 High boiling point

•	 Cannot conduct electricity in a solid as the 
ions are not free to move.

•	 Ionic compounds, when molten or in 
solution, can conduct electricity as the ions 
are free to move and can carry the electrical 
current.

Covalent Bonding

Covalent bonding is the sharing of a pair of electrons between atoms to gain a 
full outer shell. This occurs between non-metals only. Simple covalent bonding 
occurs between the molecules below. Simple covalent structures have low 
melting and boiling points – this is because the weak intermolecular forces 
that hold the molecules together break when a substance is heated, not the 
strong covalent bonds between atoms. They do not conduct electricity as they 
do not have any free delocalised electrons. 

Dot and cross diagrams are useful to show the bonding in simple molecules. 
The outer electron shell of each atom is represented as a circle, the circles 
from each atom overlap to show where there is a covalent bond, and the 
electrons from each atom are either drawn as dots or crosses. There are two 
different types of dot and cross diagram – one with a circle to represent the 
outer electron shell and one without.

You should be able to draw the dot and cross  
diagrams for the following simple covalent structures:  
chlorine, oxygen, nitrogen, water, ammonia,  
hydrogen chloride and methane.

Group Ions Element Example

1 +1 Li      Li  + e

2 +2 Ca      Ca² + 2e 

6 -2 Br + e       Br

7 -1 O + 2e       O²

AQA GCSE Chemistry (Combined Science) Unit 2: Bonding, Structure and Properties of Matter 

+
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-
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AQA GCSE Chemistry (Combined Science) Unit 2: Bonding, Structure and Properties of Matter 
Structural Formulae 
In this type of diagram, the 
element symbol represents 
the type of atom and the 
straight line represents the 
covalent bonding between 
each atom.

The structure of small 
molecules can also be 
represented as a 3D model.

Giant Covalent Structure – Diamond

Giant Covalent Structure – Graphite

Giant Covalent Structure – Graphene

Nanoscience

Nanoscience refers to structures that are 1–100nm 
in size, of the order of a few hundred atoms. 
Nanoparticles have a high surface area to volume 
ratio. This means that smaller amounts are needed 
in comparison to normal sized particles. As the side 
length of a cube decreases by a factor of 10, the 
surface area to volume ratio increases approximately 
by a factor of 10.

Polymers

Polymers are long chain molecules that are made up 
of many smaller units called monomers. Atoms in a 
polymer chain are held together by strong covalent 
bonds. Between polymer molecules, there are 
intermolecular forces. Intermolecular forces attract 
polymer chains towards each other. Longer polymer 
chains have stronger forces of attraction than shorter 
ones therefore making stronger materials.

Fullerenes and Nanotubes

Possible Risks of Nanoparticles

As nanoparticles are so small, it makes it possible 
for them to be inhaled and enter the lungs. Once 
inside the body, nanoparticles may initiate harmful 
reactions and toxic substances could bind to them 
because of their large surface area to volume ratio. 
Nanoparticles have many applications. These include 
medicine, cosmetics, sun creams and deodorants. 
They can also be used as catalysts.

Modern nanoparticles are a relatively new 
phenomenon therefore it is difficult for scientists to 
truly determine the risks associated with them.

Each carbon atom is bonded 
to four other carbon atoms, 
making diamond very 
strong. Diamond has a high 
melting and boiling point. 
Large amounts of energy are 
needed to break the strong covalent bonds between 
each carbon atom. Diamond does not conduct 
electricity because it has no free electrons.

Silicon dioxide (silicon and oxygen atoms) has a 
similar structure to that of diamond, in that its 
atoms are held together by strong covalent bonds. 
Large amounts of energy are needed to break the 
strong covalent bonds therefore silicon dioxide,  
like diamond, has a high melting and boiling point.

Graphite is made up of 
layers of carbon arranged 
in hexagons. Each carbon 
is bonded to three other 
carbons and has one free 
delocalised electron that is 
able to move between the layers. The layers are held 
together by weak intermolecular forces. The layers of 
carbon can slide over each other easily as there are no 
strong covalent bonds between the layers. Graphite 
has a high melting point because a lot of energy 
is needed to break the covalent bonds between the 
carbon atoms. Graphite can conduct electricity.

Graphene is one layer of 
graphite. It is very strong 
because of the covalent 
bonds between the carbon 
atoms. As with graphite, 
each carbon in graphene 
is bonded to three others with one free delocalised 
electron. Graphene is able to conduct electricity.  
Graphene, when added to other materials, can 
make them even stronger. Useful in electricals and 
composites.

Molecules of carbon that are 
shaped like hollow tubes or 
balls, arranged in hexagons 
of five or seven carbon atoms. 
They can be used to deliver 
drugs into the body.

Buckminsterfullerene has the formula C₆₀

Carbon Nanotubes are tiny carbon cylinders that 
are very long compared to 
their width. Nanotubes can 
conduct electricity as well 
as strengthening materials 
without adding much 
weight. The properties of 
carbon nanotubes make them 
useful in electronics and nanotechnology.

Name of Particle Diameter

nanoparticle 1–100nm

fine particles (PM₂₅) 100–2500nm

coarse particles (PM1₀) 2500–10000nm

.
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Kinetic and Potential Energy Stores
Movement Energy

kinetic energy = ½ x mass × speed²      

E  = ½mv²

When something is off the ground, it has gravitational potential energy

gravitational potential energy = mass x gravitational field strength x 
height 

E  = mgh
 

   

Required Practical
Investigating Specific Heat Capacity

independent variable – material

dependent variable – specific heat capacity  
control variables – insulating layer, initial temperature, time taken

∆E = m × c × ∆O 

Method:

1.	 Using the balance, measure and record the mass of the copper 
block in kg.

2.	 Wrap the insulation around the block.

3.	 Put the heater into the large hole in the block and the block onto 
the heatproof mat.

4.	 Connect the power pack and ammeter in series and the voltmeter 
across the power pack.

5.	 Using the pipette, put a drop of water into the small hole.

6.	 Put the thermometer into the small hole and measure the 
temperature.

7.	 Switch the power pack to 12V and turn it on.

8.	 Read and record the voltmeter and ammeter readings – during 
the experiment, they shouldn’t change.

9.	 Turn on the stop clock and record the temperature every minute 
for 10 minutes.

10.	 Record the results in the table.

11.	 Calculate work done and plot a line graph of work done against 
temperature.

Equations
E  = ½mv²     

E  = mgh 

E  = ½ke²

∆E = m × c × ∆O

P = ¼

P = ¼

AQA Physics (Combined Science) Unit 6.1: Energy
When an object falls, it loses gravitational potential energy and gains 
kinetic energy. 

Stretching an object will give it elastic potential energy. 

elastic potential energy = ½ × spring constant × extension²

 E  = ½ke²   

Transferring Energy by Heating

Heating a material transfers the energy to its thermal energy store - the 
temperature increases. 

E.g. a kettle: energy is transferred to the thermal energy store of the 
kettle. Energy is then transferred by heating to the waters thermal energy 
store. The temperature of the water will then increase. 

Some materials need more energy to increase their temperature than 
others.

change in thermal energy = mass × specific heat capacity × temperature 
change

∆E = m × c × ∆OѲ
Specific heat capacity is the amount of energy needed to raise the 
temperature of 1kg of a material by 1˚C.

p

kinetic 
energy, J

mass,
kg0.5 (speed)²,

m/s

÷÷

××

÷

gravitational
potential
energy, J

mass,
kg

height,
m

÷÷

××

÷
gravitational

field 

strength,

N/kg or m/s²

e

E
t
W
t

 (J)                           (N) (m)

  (J)                    (kg)            (J/kg˚C)            (˚C)

e

k

p

 (J)                   (kg) (N/kg) (m)

 (J)                  (kg) (m/s)
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Insulation – reduces the amount of heat lost. In your home, you can 
prevent heat loss in a number of ways:

•	 thick walls;

•	 thermal insulation, such as:

•	 loft insulation (reducing convection); 

•	 cavity walls (reduces conduction and convection);

•	 double glazing (reduces conduction). 

AQA Physics (Combined Science) Unit 6.1: Energy

Energy Stores and Systems

Energy can be transferred in the following ways:

mechanically – when work is done;

electrically – when moving charge does work; 

heating – when energy is transferred from a hotter object to a colder 
object.

Conservation of Energy
Energy can never be created or destroyed, just transferred from one form 
to another. Some energy is transferred usefully and some energy gets 
transferred into the environment. This is mostly wasted energy.  

Power
Power is the rate of transfer of energy – the amount of work done in a 
given time. 

power = energy transferred ÷ time 

P (W) = E (J) ÷ t (s)  

power = work done ÷ time 

P (W) = W (J) ÷ t (s)   

Energy Transfer

Lubrication reduces the amount of friction. When an object moves, there 
are frictional forces acting. Some energy is lost into the environment. 
Lubricants, such as oil, can be used to reduce the friction between the 
surfaces. 

Conduction – when a solid is heated, the particles vibrate and collide 
more, and the energy is transferred.

Convection – when a liquid or a gas is heated, the particles move faster. 
This means the liquid or gas becomes less dense. The denser region will 
rise above the cooler region. This is a convection current.

Energy Stores

kinetic Moving objects have kinetic 
energy. 

thermal All objects have thermal energy.

chemical Anything that can release energy 
during a chemical reaction. 

elastic potential Things that are stretched. 

gravitational potential Anything that is raised. 

electrostatic Charges that attract or repel. 

magnetic Magnets that attract or repel. 

nuclear The nucleus of an atom releases 
energy. 

work 

done, J

÷÷

×

water cools

hot 
water
rises

cold
water
sinks

cold
water
sinks

energy 

transferred, J

power, W time, s

÷÷

×

power, W time, s

15%
windows

3% doors

33%
walls

8% floors

12%
ventilation &

draughts

26%
roof
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AQA Physics (Combined Science) Unit 6.1: Energy

Efficiency
When energy is transferred, some energy is wasted. The less energy that 
is wasted during the transfer, the more efficient the transfer. 

There are two equations to calculate efficiency:

efficiency = useful output energy transfer 

                  total input energy transfer

efficiency = useful power output 

                  total power input

  Some energy is always wasted. Nothing is 100% efficient.

Efficiency
Non-renewable – coal, oil, gas - they will all run out, they damage the environment, but provide most of the energy.

Renewable – they will never run out, can be unreliable and do not provide as much energy. 

Trends in energy resources – most of our electricity is generated by burning fossil fuels and nuclear. The UK is trying to increase the amount of 
renewable energy resources. The governments are aware that non-renewable energy resources are running out; targets of renewable resources have 
been set. Electric and hybrid cars are also now on the market. 

However, changing the fuels we use and building renewable power plants cost money. Many people are against the building of the plants near them 
and do not want to pay the extra in their energy bills. Hybrid and electric cars are also quite expensive.

Energy Resource Advantages Disadvantages 

solar – using sunlight Renewable, no pollution, in sunny countries it 
is very reliable.  

Lots of energy needed to build, only works 
during the day, cannot increase power if 
needed. 

geothermal – using the energy of hot rocks Renewable and reliable as the rocks are 
always hot. Power stations have a small 
impact on environment.  

May release some greenhouse gases and only 
found in specific places.

wind – using turbines Renewable, no pollution, no lasting damage 
to the environment, minimal running cost.   

Not as reliable, do not work when there is no 
wind, cannot increase supply if needed. 

hydroelectric – uses a dam Renewable, no pollution, can increase supply 
if needed. 

A big impact on the environment. Animals 
and plants may lose their habitats.

wave power – wave powered turbines Renewable, no pollution. Disturbs the seabed and habitats of animals. 
Unreliable. 

tidal barrages – big dams across rivers Renewable, very reliable, no pollution. Changes the habitats of wildlife, fish can be 
killed in the turbines. 

biofuels Renewable, reliable, carbon neutral.  High costs, growing biofuels may cause a 
problem with regards to space, clearance of 
natural forests. 

non-renewable – fossil fuels Reliable, enough to meet current demand, 
can produce more energy when there is more 
demand. 

Running out, release CO₂, leading to global 
warming, and also release SO₂ which causes 
acid rain. 

useful 

power

output,

W or kW

efficiency
total power 

input,

W or kW

÷÷

×
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energy

output,

J or kJ

efficiency
total energy 

input,

J or kJ

÷÷

×
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