
Isotopes

Isotopes are different forms of 
elements that have the same number of 
protons, but different number of 
neutrons.
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• normally good conductors of heat and electricity

• shiny when cut

• Malleable

• dense and sonorous

• most have high melting points

Often have properties the opposite of metals 

• low boiling points, so are gases at room temperature

• poor conductors of electricity and heat

• dull in appearance

• low density

• brittle and not sonorous

Metals

Non-Metals

An atom is the smallest part 
of an element that cannot be 
broken down chemically. 

An element is made up of one 
type of atom and is found in 
the Periodic Table.

A compound consists of 2 or 
more different types of atoms 
chemically joined together 
and are difficult to separate.

A mixture is made up of two 
or more elements NOT 
chemically joined together. 
They can be separated easily.

Properties of metals and non-metals

The relative atomic mass of an element is an average value 
that takes account of the abundance of the isotopes of the 
element.

The number of electron is always equal to the number of 
protons for a given element. Atoms have no overall charge.

Atoms are very small. Their radius is 1 x 10-10 m.
The radius of the nucleus is 1/10 000 the size of an atom.
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Electron Structure

• Electrons in an atom occupy the lowest available

energy level (shell).

• The electronic structure of an atom can be

represented by numbers or by a diagram, as

shown on the right (Sodium).

• This shows that 2 electrons fill the lowest energy level

8 the second, and one in the third energy level.

Atomic Model Development

• New experimental evidence and technology may lead to scientific 

models being changed.

• Before the electron was discovered, atoms were thought to be tiny 

solid spheres that could not be divided.

• When JJ Thomson discovered the electron, he modified the atomic 

model to the Plum Pudding Model.

• The Plum Pudding model suggested the atom to be

a solid positive sphere with negative electrons 

embedded throughout it.

• Rutherford’s Alpha Scattering Experiment led to the conclusion that the 

mass of an atom is concentrated at the centre (nucleus) and that the 

nucleus was positively charged.

• The Nuclear Atomic model replaced the Plum Pudding Model.

• Neils Bohr adapted the nuclear model to suggest that electrons were 

held at specific distances from the 

nucleus, creating the Planetoid Model.

• Further experiments identified neutrons 

as a particle found within the nucleus.

2, 8, 1

Separating Techniques

Mixtures are easily separated by the following physical processes which do not 

involve chemical reactions, and no new substance is made.

Filtration – 

separating solid 

using filter paper

Crystallisation – 

liquid is evaporated 

leaving a solid 

crystal

Distillation – separating 

liquids from liquids based on 

different boiling points.

This can be simple distillation 

(ink and water) or fractional 

distillation (crude oil)

Chromatography – 

separating coloured 

substances (e.g. food 

colourings) based on 

molecular size.
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The Periodic Table

The Periodic Table consists of every known element.

• The modern periodic table is arranged according to increasing atomic 

number.

• It is called Periodic Table because similar properties occur at regular 

intervals (periodically).

• Columns of elements are called groups and have the same number of 

electrons on their outer shell.

• Groups of elements have similar properties.

• Rows of elements are called periods and have the same number of 

electron shells. 

Development of the Periodic Table

• Before protons, electrons, and neutrons were discovered, scientists 

tried to organize the known elements.

• In the early Periodic Tables elements were largely arranged in atomic 

weight but the tables were largely incomplete (many elements were still 

undiscovered).

• Some elements were placed in the wrong groups.

• Dimitri Mendeleev overcame some of the problems by leaving gaps 

where he though undiscovered elements might lay. He also changed 

the order of some of the elements.

• Elements that Mendeleev 

predicted were discovered 

and filled the gaps.

• When isotopes were 

discovered, they explained 

why the order of elements 

was not strictly according to 

atomic weight but atomic 

mass.
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The Periodic Table Properties

• The transition metals are the central block of metals on the Period Table, 

and all have similar properties, which are different to Group 1 metals.

• They do not show group trends like other groups.

• GROUP 1 elements are the Alkali Metals

• They have 1 electron on the outer shell, making them all highly 

reactive.

• Reactivity increases going down the group.

• GROUP 7 elements are called the Halogens and are non-

metals.

• They have seven electrons on their outer shell.

• Reactivity decreases going down the group.

• Relative molecular mass, melting and boiling points increase 

going the group.

• A more reactive halogen can displace a less reactive halogen 

from an aqueous solution of its salt.

• GROUP 0 are called the Noble Gases and a full outer electron shell.

• They are largely unreactive and do not easily form molecules.

• They have 8 electrons on their outer shell, except Helium that has 2.

• The boiling points increase with increasing relative atomic mass (going 

down the group).

Physical Properties

• Good conductors of heat and 

electricity

• Malleable (can be hammered) 

and ductile (can be deformed 

without losing their toughness)

• Very high melting points (except 

Mercury)

• Usually hard and tough

• High densities

Chemical Properties

• Less reactive than Alkali 

metals.

• Form coloured ions of 

different charges.

• Can be very unreactive (e.g. 

silver, gold, and platinum).

• Many can be used as 

catalysts.



Energies that are always transferred: 

Light and Sound

Energy Transfers

Energy is transferred 

when it moves from one 

store to another. For 

example, when a ball 

rolls down a hill, 

gravitational potential 

energy transfers to the 

kinetic energy store.

Conservation of Energy

Energy cannot be created or destroyed. Energy can only be 

stored, usefully transferred, or dissipated.

The total energy before and after a change in a system is 

constant. 

A system is an object or group of objects where the net energy 

change is 0J.
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Renewable: replenished as quickly as they are used

Non-renewable: Finite resources, will eventually run out.
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Reducing unwanted 

transfers

• Energy that is 

transferred to the 

surroundings has 

been dissipated.

• Insulation, lubrication, 

sound proofing can all 

reduce energy 

dissipation.



Renewable energy 

resources

Advantages:

• Renewable

• No CO2 gas released

• Not reliant upon Earth’s 

natural resources

Disadvantages:

• Destroy habitats

• Many are weather 

dependent (wind, solar)

• Expensive to build and run

Power

Power is the rate energy is 

transferred. It is measured in 

WATTS (W).

𝑃𝑜𝑤𝑒𝑟 𝑊 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑 (𝐽)

𝑡𝑖𝑚𝑒 (𝑠)
 

𝑃𝑜𝑤𝑒𝑟 𝑊 =
𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝐽)

𝑡𝑖𝑚𝑒 (𝑠)
 

Required Practical 2:

Insulation Material Thickness method:

1: Wrap 2 layers of newspaper around small 

beaker and use a rubber band to keep it in 

place. Do not cover the bottom.

2: Boil 80cm3 of water and place into the 

beaker.

3: Add cardboard lid with hole for thermometer 

and record starting temperature.

4: Start the timer.

5: Record temperature every 3 minutes for 15 

minutes.

6: Repeat steps 2-6 adding 2 layers of 

newspaper each time to a maximum of 8 

layers.

7: Plot graph Temperature (°C) against time 

(mins).

Required Practical 1

Insulation Material method: 

1: Put small beaker in a large beaker.

2: Boil 80cm3 water and place in small beaker.

3: Use a cardboard lid with a hole for the thermometer and record the 

starting temperature.

4: Start the timer.

5: Record temperature every 3 minutes for 15 minutes.

6: Repeat steps 2-6, placing different insulation materials between 

beakers.

7: Plot graph Temperature (°C) against time (mins).
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Non-renewable energy 

resources

Advantages:

• High energy stored

• Readily available

Disadvantages:

• Releases greenhouse 

gases (fossil fuels only)

• Finite (will run out)

• Makes Radioactive waste 

(nuclear only)

Efficiency

The ratio of the useful energy (or 

power) output from a system to 

its total energy (or power) input.

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑢𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡

𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡
 

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑢𝑠𝑒𝑓𝑢𝑙 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡

𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑖𝑛𝑝𝑢𝑡
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KS4 Biology: Transport Systems

Diffusion is the movement of a 

fluid (a gas or a liquid) from a 

high to a low concentration along 

a concentration gradient.

Osmosis is the movement of water 

from a high to a low water 

concentration along a concentration 

gradient.

Active transport is the movement 

of a substance from a low to a high 

concentration. It requires energy.

Transport in plants
The transport of water is 
transpiration. It occurs in 
xylem vessels (non-living).

 The transport of sugar solution is 
translocation. This occurs in 
phloem vessels (living tissue).

Transport in humans
The heart pumps blood to the 
lungs and to the rest of the body.
A double circulatory system 
keeps oxygenated and 
deoxygenated blood separate.
Arteries take blood away from the heart, 
veins take it to the heart.
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