
What is carbon dioxide? 
- Carbon dioxide is a compound. Its molecules consist of one 
carbon atom joined to two oxygen atoms. 
- In the atmosphere, carbon dioxide is a greenhouse gas. 
- We use carbon dioxide to make drinks fizzy and keep foods 
fresh. 
 

Structure and properties 
At room temperature carbon dioxide is a 
colourless and odourless gas. 
The carbon dioxide molecule is made up 
of one carbon atom joined to two oxygen 
atoms. This means it has a chemical for-
mula is CO₂. 
CO₂ in the atmosphere 
The amount of carbon dioxide in the atmosphere is main-
tained through a balance. 
 

Processes that increase the amount of CO₂ in the air include: 
- combustion of petrol and diesel in cars. 
- respiration of living things. 
 

Processes that decrease the amount of CO₂ in the air in-
clude: 
- photosynthesis by plants which converts carbon dioxide and 
water to make their own food, glucose. 
- dissolving in sea water. 

Carbon dioxide makes up less than 1% of the atmosphere; however, 
it is an important greenhouse gas. This means that its molecules in 
the atmosphere absorb radiation, keeping the Earth warmer than it 
would otherwise be. 
For the past 100 or so years, carbon dioxide has been added to the 
atmosphere more quickly than it is removed. The extra carbon diox-
ide contributes towards global warming. Global warming leads to cli-
mate change, including more frequent droughts and stronger storms. 

The Earth’s atmosphere 
The Earth’s atmosphere is the relatively thin layer of gases that 
surround the planet. It provides us with the oxygen we need to stay 
alive. The three most  abundant gases (the ones with the highest 
percentages) are all elements: 
    78% nitrogen, N2              21% oxygen, O2            0.9% argon, Ar 

Notice that nitrogen and oxygen exist as molecules, each containing 
two atoms, while argon exists as single atoms. These three gases 
comprise 99.9% of the atmosphere. 
The remaining gases are found in much smaller proportions. These 
include carbon dioxide (0.04%) and water vapour (which varies). 



The weather includes the wind, sunshine and rain you see from day to 
day. The climate is the sort of weather seen over years and decades. 
Climate change and its effects as a result of global warming includes: 
- ice melting faster than it can be replaced in the Arctic & Antarctic 
- the oceans warming up – their water is expanding and causing sea 
levels to rise 
- changes in where different species of plants and animals can live. 

Some thermal energy from the Earth’s surface escapes 
into space. If too much thermal energy escaped, the planet 
would be very cold. However some gases in the atmos-
phere, called greenhouse gases,  trap escaping thermal 
energy. This causes some of the thermal energy to pass 
back to the surface. This is called the greenhouse effect,  
and it keeps our planet warm. Carbon dioxide is an im-
portant greenhouse gas. 

Humans burn fossil fuels to power cars and other machines, to gener-
ate electricity, and to keep buildings warm. Waste gases are released 
during combustion, including carbon dioxide. As the human population 
increases, more fuel is used, and more carbon dioxide is released.  

Extra carbon dioxide in the atmosphere increases the greenhouse ef-
fect. More thermal energy is trapped by the atmosphere, causing the 
planet to become warmer than it would be naturally. This increase in 
the Earth’s temperature is called global warming.  



Coal, oil and natural gas are fossil fuels. When they are used, carbon dioxide and 
sulfur dioxide escape into the air. When the sulfur dioxide dissolves in the water 
in the clouds, it makes acid rain – rainwater that is more acidic than normal.  
Fossil fuels naturally contain sulfur compounds. These produce sulfur dioxide,  a 
gas with a sharp, choking smell, when the fuel is burned. When sulfur dioxide dis-
solves in water droplets in clouds, it makes the rain more acidic than normal.  
Acid rain harms fish and trees, but it also makes chemical weathering happen 
more quickly. Buildings and statues made from rock are damaged as a result. This 
is worse when the rock is limestone rather than granite. 
Acid rain damages the waxy layer on the leaves of trees. This makes it more dif-
ficult for trees to absorb the minerals they need for healthy growth and they 
may die. Acid rain also makes rivers and lakes too acidic for some aquatic life.  

Fossil fuels produce carbon dioxide when they are burned. When land is cleared 
for timber and farms (deforestation), there are fewer trees to remove carbon 
dioxide from the atmosphere for photosynthesis. If the fallen trees are burned 
or left to rot, additional carbon dioxide is released into the atmosphere.  
These factors are particularly important in tropical areas, where forests might be 
cleared to make way for cattle farms. Then, not only are fewer trees left to ab-
sorb carbon dioxide, but the burning trees release carbon dioxide & the cattle re-
lease methane.  

Farming causes the production of methane and nitrous oxide. 
- Rice paddy fields produce methane, as do cattle. As the number of rice fields 
and cattle have increased, so has the amount of methane in the atmosphere. 
- Nitrous oxide is released from animal waste and as a result of using fertilisers  



The light that we see is made up of many different colours. 
There are three primary colours:  red,  green and blue.  
They can be combined in different ways to make every other 
colour. 
The colour of an object is determined by the wavelength of 

light that it reflects. 
White light from the Sun is a 
mixture of colours, each with a 
different frequency. You can use 
a prism to split (or disperse) 
white light into a spectrum of 
colours: red, orange, yellow, 
green, blue, indigo and violet. Dis-
persed means that the colours 
are separated out. 

Light travels in waves. 
Light waves travel in straight lines. 
Light waves travel faster than sound waves. 
Light travels as waves. Light waves don't always need particles to 
travel through. They can also travel through outer space or 
a vacuum. 
Light waves travel in straight lines. You can detect them with your 
eyes, and also with instruments such as cameras. They 
are reflected by mirrors and change direction when they travel 
from the air into glass or water. 
Light travels very fast. It has a speed of 300 million metres per 
second in a vacuum. It only takes 8 minutes and 20 seconds for light 
to travel from the Sun to the Earth. Light travels through the air 
about a million times faster than through sound, which explains why 
you see lightning before you hear thunder. 

Reflection 
A ray diagram shows how light travels, including what happens when it reaches a surface. In a ray diagram, you draw each ray as: 
- a straight line              - with an arrowhead pointing in the direction that the light travels 
Remember to use a ruler and a sharp pencil. 
The law of reflection 
When light reaches a mirror, it reflects off the surface of the mirror: 
- the incident ray is the light going towards the mirror              - the reflected ray is the light coming away from the mirror 
If light meets a rough surface, each ray obeys the law of reflection. However, the different parts of the rough surface point in 
different directions, so the light is not all reflected in one direction. Instead, the light is reflected in all directions. This is 
called diffuse scattering.  It explains why you can see a clear image of yourself in a shiny flat mirror,  but not in a dull 
rough wall.  



In the ray diagram:            - the hatched vertical line 
on the right represents the mirror                                 - 
the dashed line is called the normal,  drawn at 90°  to the surface of the mir-
ror                                                                                             - the angle of 
incidence,  i,  is the angle between the normal and incident ray   
                                       - the angle 
of reflection,  r,  is the angle between the normal and reflected ray 
 
The law of reflection states that the angle of incidence equals the angle of re-
flection, i = r. It works for any angle. For example if the angle of reflection is 
30° if the angle of incidence is 30°. In the second example, if a light ray travel-
ling along the normal hits a mirror, it is reflected straight back the way it came. 
The reflection of light from a flat surface such as a mirror is called specular 
reflection – light meeting the surface in one direction is all reflected in one di-
rection. 

The convex lens 
A convex lens is made from a transparent material that bulges outwards in 
the middle on both sides. It can focus light so that appears to meet at a 
single point, called the focal point. Light is refracted as it passes into, 
then out of, the lens. 

Convex lenses are found in: 
- magnifying glasses     - telescopes 
- Spectacles for people with long-sight (who can see distant objects clear-
ly but not nearby ones) 



Refraction 
Light waves change speed when they pass across the boundary between two substances with a different density,  such as air 
and glass. This causes them to change direction, an effect called refraction. 
At the boundary between two transparent substances: 
- the light slows down going into a denser substance, and the ray bends towards the normal 
- the light speeds up going into a less dense substance, and the ray bends away from the normal 

The diagram shows how this works for light passing into, and then out of, a glass block. The same would happen for a Perspex 
block. 



The spectrum 
Here are the seven colours of the spectrum 
listed in order of their frequency, from the low-
est frequency (fewest waves per second) to the 
highest frequency (most waves per second): 
 red 
 orange 
 yellow 
 green 
 blue 
 indigo 
 violet 
This mnemonic is one 
way to remember the 
order: ‘Richard Of 
York Gave Battle In Vain’. 

Coloured light 
There are three primary colours in light: red, green and blue. 
Light in these colours can be added together to make the second-
ary colours magenta, cyan and yellow. All three primary colours 
add together make white light. 
Primary colours of light add together to make white light, or sec-
ondary colours 
The way coloured light mixes is very different from the way that 
paint does. 
When light hits a surface, some of it is absorbed and some of it is 
reflected. The light that is reflected is the colour of the object 
in that light. For example, a blue object absorbs all the colours of 
the spectrum except blue: it reflects blue light. 
 

 White paper Red apple Green apple 

Colours(s) that the All Red only Green only 

Appearance of ob- White (no colours Red (all colours ab- Green (all colours ab-

Appearance of ob- Red (only red light to Red Black (no green light 

Appearance of ob- Green (only green Black (no red light to Green 

Appearance of ob- Blue (only blue light Black (no red light to Black (no green light 


