
Critical Content Booklet—Year 9 

Science 

Coventry 



Contents: 

Assessment 1 Pages 1-5 

Assessment 2 Pages 1-11 

Assessment 3 Pages 1-16 

 

Assessment dates: 

Assessment 1— Week Beginning: 11th November 2019 

Assessment 2— Week Beginning: 10th February 2020 

Assessment 3— Week Beginning: 15th June 2020 



 

 

 

 

 

 

 

 

 

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. 

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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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. 
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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. 

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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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:  

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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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. 

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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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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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. 

 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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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. 

Ionic bonding: 

 

 

 

 

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

come 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: 

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  

solution). 

Do not conduct 

electricity. 

Good conductors 

of electricity (due 

to delocalised  

electrons). 

can be 

drawn as... 

Needed for assessments 2 and 3 

Electron 

Proton 

Neutron 
Nucleus 

Neutral atoms 

have the same 

number of  

protons as 

electrons. 
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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:  

 

 

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 electric-

ity as each carbon atom only bonds with three others, 

so there are is one delocalised electron per carbon 

atom.  

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. 

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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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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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 

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: N + 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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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. 

 

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. 
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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: 

[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.  

 

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: 

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.  

Needed for assessment 3 Page 13 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiR-bTF-83YAhVGJsAKHZdXDt4QjRwIBw&url=https%3A%2F%2Fwww.pathwayz.org%2FTree%2FPlain%2FDISTANCE%2B%252F%2BDISPLACEMENT-%2BTIME%2BGRAPHS&psig=AOvVaw3KUi8ZhU0fzKKQj


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. 

Typical power ratings are shown in the table 

below: 

 

 

 

 

 

 

Power can be calculated using the following 

equations: 

 

 

 

 

 

 

The efficiency of a device can be found from it’s 

input power and useful power output: 
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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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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. 

Gamma rays can be used for treating cancer patients. 

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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