
Combined and Triple Chemistry 3: Quantitative Chemistry

Section 1: Bonding Key Terms

1 Law of conservation of 
mass

No atoms are lost or gained during a chemical reaction.  The mass of 
the products is the same as the mass of the reactants.  Some reactions 
appear to give a change in mass, but this is because a gas may have 
escaped from the reaction container.

2 Relative atomic mass (Ar) The average mass of an atom of an element compared to Carbon-12.

3 Relative formula mass (Mr) The sum of all the atomic masses of the atoms in a formula (e.g. H2O).

4 Uncertainty
The interval within which the true value can be expected to lie. E.g. 
25oC + 2oC – the true value lies between 23oC and 27oC.

5 Mole (HT)
A measurement for the amount of a chemical.  It is the mass (in grams) of 
6.02 x 1023 (the Avogadro constant) atoms of an element. Symbol: mol.

6 Balanced equation (HT)

Balanced symbol equations show the number of moles that react.
e.g. Mg + 2HCl → MgCl2 + H2

Shows one mole of magnesium reacting with two moles of hydrochloric acid 
to form one mole of magnesium chloride and one mole of hydrogen.

7 Limiting reactant (HT)
The reactant that is completely used up in a chemical reaction.  It limits 
the amount of product formed.

8 Excess reactant (HT)
The reactant that is not completely used up in a chemical reaction.  There 
is some reactant left at the end.

9 Concentration
A measure of the number of particles of a chemical in a volume.  Can be 
measured in g/dm3.

10 Decimetre3 (dm3) A measurement of volume.  Contains 1000cm3.

Section 2: Calculations and Examples

11 Calculating relative 
formula mass (Mr)

Add up all the atomic masses in a formula.

e.g. H2O.  Mass of hydrogen = 1.  Mass of oxygen = 16.

(2x1) + 16 = 18

12 Percentage uncertainty

Percentage uncertainty  = Uncertainty______ x100                 
Quantity being measured

e.g. What is the percentage uncertainty of a 50cm3 measuring cylinder 
accurate to +2cm3?

Percentage uncertainty =    2_ x  100 = 4%
50

13 Number of moles

Number of moles = Mass of chemical__   
Relative formula mass

e.g. How many moles of water are there in 36g of H2O?

Number of moles = 36  = 2 moles
18

14 Volume in dm3

Volume in dm3 = volume of liquid
1000cm3

e.g. What is the volume in dm3 of 500cm3 of hydrochloric acid?

Volume in dm3 = 500  = 0.5dm3

1000

15 Concentration of a 
solution

Concentration =     Mass of solute_
Volume (in dm3)

e.g. What is the concentration of a solution of hydrochloric acid which 
contains 100g of hydrochloric acid in 500cm3?

Concentration = 100 = 200g/dm3

0.5

16 Atom Economy (Triple)

17 Percentage Yield (Triple)



Section 1: Bonding Key Terms Section 2: Calculations and Examples

1 What is the law of conservation of mass? 11 How do we calculate relative formula mass (Mr)?

2 What is the Relative atomic mass (Ar)? 12 How do we calculate percentage uncertainty?

3 What is the Relative formula mass (Mr)? 13 How do we calculate number of moles?

4 What is uncertainty? 14 How do we calculate volume in dm3 ?

5 What is a mole (HT)? 15 How do we calculate the concentration of a solution?

6 What does a balanced equation show(HT)?

7 What is a limiting reactant (HT)?

8 What is an excess reactant (HT)?

9 What is concentration?

10 What is a decimetre3 (dm3)?
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Section A: Keywords
C6 The rate & extent of chemical change – Knowledge Organiser – Combined and Triple Science

Section B: Factors affecting rate

Collision theory
For chemical reactions to successfully occur only reacting particles must 

collide and the collisions must have sufficient energy.

Rate The speed at which a chemical reaction proceeds.

Activation energy The minimum amount of energy that particles must have to react.

Catalyst

A chemical (or enzyme) that increases the rate of reaction without being 

used itself (therefore they are not included in an equation).  They provide an 

alternative pathway for the reaction with a lower activation energy.

Concentration The number of particles in a certain volume.  

surface area The measure of how much exposed area a solid object has.

Calculating rate of 

reaction

Mean rate = amount of reactant used or     

Time taken

Mean rate = amount of product formed 

time taken

Section B Factors Affecting Rate

Factor Effect on Rate Explanation

Concentration of reactants
Increasing the concentration increases the 

rate of reaction.

Increases the frequency of collisions as 

there are more particles.

Pressure of gases
Increasing the pressure increases the rate 

of reaction.

Increases the frequency of collisions as 

there are more particles.

Surface area of solid reactants
Increasing the surface area increases the 

rate of reaction.

Exposes more of the solid so that there is a 

greater frequency of collisions occurring.

Temperature
Increasing the temperature increases the 

rate of reaction.

Increases speed at which particles move 

and makes collisions more energetic.

Catalyst Catalysts increase the rate of reaction. Lowers the activation energy.

Reversible reaction
A reaction in which the products can also form the reactants.

Shown as: A + B ⇌ C + D

Dynamic Equilibrium
A reaction in which the forwards and backwards reactions occur at the same rate 

and the concentrations of reactants and products are constant

Exothermic A reaction that releases heat to the environment.

Endothermic A reaction that takes in heat from the environment.

Equilibrium (HT)
Equilibrium is reached when the forward and reverse reactions occur at exactly 

the same rate.  Needs a sealed container.

Le Chatelier’s

Principle (HT)

If a system is at equilibrium and a change is made to any of the conditions, then 

the system responds to counteract the change.

Section C: Keywords

Section D: Changing conditions at equilibrium

Changing 

temperature (HT)

If the temperature of a system at equilibrium is increased:

• the amount of products at equilibrium increases for an endothermic reaction

• the amount of products at equilibrium decreases for an exothermic reaction.

If the temperature of a system at equilibrium is decreased:

• the amount of products at equilibrium decreases for an endothermic reaction

• the amount of products at equilibrium increases for an exothermic reaction.

Changing 

concentration (HT)

• If the concentration of a reactant is increased, more products will be formed. 

• If the concentration of a product is decreased, more products will be formed.

Changing pressure 

(HT)

For reactions of gases:

• an increase in pressure causes the reaction to favour the side with the smaller number of 

molecules (as shown by the symbol equation for that reaction).

• A decrease in pressure causes the reaction to favour the side with the larger number of 

molecules (as shown by the symbol equation for that reaction).

Section D: Conditions at equilibrium



Section A

1 State what concentration is.

2 State what rate is.

3 What is surface area?

4 Define activation energy?

5 State what a catalyst is.

Section B

1 What does increasing concentration have on the effect 
of rate?

2 What does increasing pressure have on the effect of 
rate?

3 What does increasing surface area have on the 

effect of rate?

4 Why does temperature increase the rate of 

reaction?

5 What effect does a catalyst have on the rate of reaction?

Section C

1 State what a reversible reaction is.

2 State what an endothermic reaction is.

3 What is an exothermic reaction?

4 Define equilibrium?

5 State Le Chatelier’s Principle (HT).

Section D

1 An increase in pressure has what effect on position of equilibrium?

2 A decrease in pressure has what effect on position of equilibrium?

3 An increase in temperature has what effect on position of equilibrium?

4 A decrease in temperature has what effect on position of equilibrium?

5 If a product is decreased what effect does this have on the position of equilibrium?
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Section 1: The Atmosphere

Chemistry 9: Chemistry of the Atmosphere

Section 4: Common Pollutants

Pollutant Formula Cause Effect

26 Carbon 
monoxide

CO
Incomplete combustion of a 
hydrocarbon fuel.

Toxic gas.  Colourless and 
odourless so hard to detect.

27 Sulfur dioxide SO2
Burning coal or petrol.  Both contain 
sulfur which reacts with oxygen in the air.

Cause respiratory problems 
(e.g. for those with asthma).  
Combine with water vapour to 
cause acid rain.

28 Nitrogen oxides NOx
In car engines.  N2 and O2 from air 
react at high temperatures.

29 Particulates CO2
Incomplete combustion of a 
hydrocarbon fuel.

Global dimming (reduction in 
sunlight reaching Earth).  

3    78% Nitrogen

1    21% Oxygen 2    1% Argon

4 Air also contains 
0.04% carbon dioxide 
and variable amounts 
of water vapour

Section 2: Formation of the Atmosphere

5.   Early 
Atmosphere

Atmosphere is 
mainly carbon 
dioxide with no 

oxygen.

6.   4.6 – 3.6 Billion Years Ago

Volcanoes erupt releasing nitrogen and 
water vapour.  Water vapour

condenses and forms the oceans.  Some 
carbon dioxide dissolves in the oceans.  

Carbon dioxide is also locked in fossil 
fuels and sedimentary rocks.

7.    2.7-1.7 Billion 
Years Ago

Plants evolve and 
release oxygen through 
photosynthesis.  They 

take in more carbon 
dioxide.

Section 3: Greenhouse Effect and Global Warming

11 Greenhouse 
effect

The process by which the temperature on Earth is kept high enough to 
support life by greenhouse gases absorbing radiation radiated by the Earth.

12 Greenhouse gas
Greenhouse gases keep temperatures on Earth high enough to support life.  
Water vapour, methane and carbon dioxide are greenhouse gases.

13 Short wavelength 
radiation

The radiation from the Sun.  Is able to pass through the Earth’s 
atmosphere and warm the surface of the Earth without being absorbed by 
greenhouse gases.

14 Long wavelength 
radiation

The radiation from the Earth’s surface.  Some is absorbed by greenhouse 
gases and doesn’t escape the atmosphere.

15 Carbon footprint
The total amount of carbon dioxide and other greenhouse gases emitted 
over the full life cycle of a product or event.

16 Global warming The increase of the average temperature of the Earth.

18 How humans increase carbon dioxide in the 
atmosphere

19 How humans increase methane in the 
atmosphere

Combustion of fossil fuels Increased animal farming

Deforestation Decomposition of rubbish in landfill

20 How humans can decrease carbon dioxide 
concentration

21 How humans can decrease methane 
concentration

Use alternative forms of energy e.g. wind 
turbines

Alternative foods – non-animal based

Energy efficiency e.g. more efficient cars Increased recycling

Carbon capture – capturing CO2 from power 
stations and trapping it

Carbon off-setting – planting more trees

Effects of global warming

22 Some regions will not be able to produce enough food because of drought.

23 Changes to distribution of species and migration patterns.

24 Increase in sea levels because of melting of polar ice caps.

25 Reduction of water supplies in some regions.

Section 2a: Reduction of CO2 by formation of deposits

8 Coal
Plants absorbed CO2.  They died and decayed.  This layer of decaying plants 
was compressed to form coal.

9 Oil and natural 
gas

Plankton absorbed CO2. Plankton died and were deposited in muds on the 
sea floor.  They were covered over and compressed over millions of years.

10 Limestone
Shelled animals absorbed CO2 to make their calcium carbonate shells.  The 
remains of these animals were compressed to form limestone.

17 Greenhouse
Effect



Section 1&2 Section 3 Section 4

1. What is the %of oxygen? 11. What is the greenhouse effect? 26. What is the chemical formula for Carbon 
monoxide?

2. What is the % of argon?
12. What is a Greenhouse gas? 27. What is the chemical formula for Sulfur dioxide?

3.  What is the % of nitrogen? 13 Where does the Short wavelength radiation come 
from?

28. What is the chemical formula for Nitrogen oxides?

4. What are the other gases in the atmosphere? 14. Where does the Long wavelength radiation come 
from?

29. What is the chemical formula for Particulates?

5. What was the early atmosphere like? 15. What is the Carbon footprint? 30. What is the cause of Carbon monoxide?

6. What happened 4.6 – 3.6 Billion Years Ago?
16. What is Global warming? 31. What is the cause of Sulfur dioxide?

7. What happened 2.7-1.7 Billion Years Ago? 17. Draw a diagram to show the greenhouse effect
32. What is the cause of Nitrogen oxides?

8. How does Coal reduce the amount of carbon 
dioxide?

18. How do humans increase carbon dioxide in the 
atmosphere?

33. What is the cause of Particulates?

9. How does Oil and natural gas reduce the amount 
of carbon dioxide?

19. How do humans increase methane in the 
atmosphere?

10. How does Limestone reduce the amount of 
carbon dioxide?

20. How do humans decrease carbon dioxide 
concentration?

21. How do humans decrease methane 
concentration?

22-25. What are four effects of global warming?
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