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1.1  Chemical Changes
This lesson is about revising some the changes that can take place during Chemical Reactions.

Precipitation Many chemicals are used as solutions :- dissolved in water.

Cobalt chloride is a clear  , 
pink coloured solution.

Potassium carbonate 
is a clear  , colourless
solution When mixed together, the colour 

changes to purple, and it now looks 
cloudy.

This is because a new solid substance 
has been produced.

This type of reaction is called precipitation. A precipitate is a solid substance that 
forms in a solution during a chemical reaction.

   Reactants      Products
  
 potassium    + cobalt (II)  ➙    cobalt  + potassium
 carbonate   chloride   carbonate    chloride

A data booklet will help you to recognise which of the products of this reaction 
is forming the insoluble precipitate.

Product Solubility

The precipitate formed in this reaction was 

potassium chloride

cobalt (II) carbonate

soluble

insoluble
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Effervescence This is the scientific word to describe fizzing.

Hydrochloric acid is a clear,
colourless solution.

When the copper carbonate is 
dropped into the acid, it fizzes 
up and the powder dissolves.

This is because a new gas has 
been produced.

The solution formed is a blue-
green colour.

Copper carbonate is a
green   powder.

Hydrochloric
Acid (1M)

The gas produced is carbon dioxide.

   Reactants      Products
  
 copper    + hydrochloric ➙ copper +  water   +   carbon
 carbonate   acid           chloride      dioxide

Colour Change Many chemicals are coloured.

Copper carbonate is a
green   powder.

When the copper carbonate 
is heated, the most obvious 
change is that the green 
powder changes to a black 
powder.

This is because a new solid has been produced.

   Reactants      Products
  
   copper      ➙  copper +   oxygen
   carbonate              oxide      
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Energy Change Energy can be released or taken in during chemical 
reactions

Magnesium is a green   powder and copper 
sulphate is a blue powder.

At the end, there is a brown solid left in the test-tube. This is because a new 
chemical has been produced; it is copper.

When water is added to a mixture 
of magnesium and copper sulphate, 
two main changes take place.
A lot of heat energy is released; the 
test-tube becomes too hot to touch. 
Much of the water got so hot it  
changed to steam.
This type of reaction is called an 
exothermic reaction; (thermic = 
heat, exo = given out).

 In  all chemical reactions  new substances  are formed

 In  many chemical reactions there is a  change in appearance

 In  many chemical reactions there is an  energy change  

   Reactants      Products
  
 copper    + magnesium  ➙ copper +   magnesium     
 sulphate                     sulphate

Reactions which take in heat are described as 
endothermic (thermic = heat, endo = in). 

These can be the kind of reactions that only 
proceed as long as they are being heated.

However, other endothermic reactions take their heat
from their surroundings and are used to cool things, e.g. sport injuries.
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Heating copper sulphate 

1.2  Physical or Chemical ?
This lesson is about distinguishing between physical and chemical changes.

Copper sulphate has blue crystals.

When the copper sulphate 
is heated, the most obvious 
change is that the blue 
crystals change to white 
powder (colourless).

However, if a few drops of 
water are added to the cooled 
crystals they change back to 
blue.

Conclusion:  Heating copper sulphate has simply driven out water - we have 
    'dried' the copper sulphate. The change is easily reversed by 
    adding more water.

Heating iron sulphate Iron sulphate has pale blue-green crystals.

When the iron sulphate is 
heated, the most obvious 
change is that the blue-green 
crystals change to white 
powder (colourless).

On further heating, the 
crystals will turn a 
reddy-brown (rust) colour.

Conclusion:  Heating iron sulphate initially drives out the water - we have 
    'dried' the iron sulphate. However, further heating leads to the 
    formation of a new substance (iron oxide - rust). This change 
    cannot be easily reversed.

If water is added there is no change - 
the reddy-brown powder remains.
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Physical   is a reversible change in which the substance changes form
Change   but remains basically the same chemical that was there at the 
    beginning. 
    e.g. If you heat an iron bar until it glows red hot, it is still 
     the same iron. 

Chemical  is an irreversible change in which a new substance is made 
Reaction  which is a completely different chemical from those present at 
    the beginning. 
    e.g. If you heat copper oxide until it turns reddy brown, it is 
     now copper metal.

Physical Change Chemical Reaction Cannot Decide

Bicycle tyre 
going flat

Milk turning 
sour

Baking soda fizzing
when added to vinegar

Candle 
burning

Cheese going 
mouldy

Chocolate 
melting

Adding magnesium 
to acid

Adding hot water 
to pot noodles

Breaking 
an egg

Boiling 
an egg

Steam condensing 
on a window

Burning 
methane

Painting nails with 
nail varnish

Chopping
Logs

Burning
Logs

Pulping Logs

Physical or Chemical

Burning 
methane

Milk turning 
sour

Baking soda fizzing
when added to vinegar

Bicycle tyre 
going flat

Breaking 
an egg

Chocolate 
melting

Steam condensing 
on a window

Candle 
burning

Painting nails with 
nail varnish

Boiling 
an egg

Adding magnesium 
to acid

Adding hot water 
to pot noodles

Cheese going 
mouldy
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1.3     Elements
This lesson is about Elements and the Periodic Table.

Atoms in Elements Elements are made up of only one type   of atom

Iron is a very hard 
solid metal.

All the iron atoms 
are close together in 
a neat pattern

One form of carbon 
is a black powder

60 carbon atoms are 
found in molecules 
resembling a football.

Mercury atoms are 
not so close together 
and can shift position

Mercury is the only
liquid metal

Balloons used to be 
filled with hydrogen

The hydrogen atoms 
go around in pairs (as 
molecules).

Symbols & the Periodic Table There are over 100 different types of atoms 
- over 100 different elements

Each element is given a symbol and is arranged in a pattern called the Periodic 
Table. 

 Some symbols are  
 just the first letter

 Others, the first 
 letter + another

 Others are the    
 first two letters

 Others are letters   
 from the latin name Each row in the table is the start of a new Period. 

Each column in the table is called a Group.

 An element is a pure substance, only one type of atom, which cannot be   
 broken down into anything simpler
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4 Important Families

The Alkali Metals -  these are the metals found in group 1, i.e. in the first 
    column. They start each new row in the Periodic Table.
They are extremely reactive - the most reactive of all metals. When they react 
with water they always form alkali solutions - hence their names. 

Symbol Li Na K Rb Cs

Name lithium sodium potassium rubidium caesium

The Transition Metals -  this is a block of metals found between group 2   
     and group 3  , 
They are unusual in that they have more than one valency    number.Their 
compounds are often coloured  , and they appear able to act as catalysts for many 
reactions.

Symbol Fe Pt Au Mn Cu

Name iron platinum gold manganese copper
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Grouping Elements There are many different ways that we can choose to 
group elements. Some of these are highlighted in your 
data booklet. Most will belong to more than one group.

Metal Elements: over 80 to the left of the zig-zag line in the Periodic Table.

Symbol Mg Zn Al U W

Name magnesium zinc aluminium uranium tungsten

Non-Metal Elements:  about 20 found to the right of the zig-zag line. 

Symbol H O C N S

Name hydrogen oxygen carbon nitrogen sulphur

The Halogens -  these are the non - metals  found in group 7, i.e. the last
   true column in the non-metals. 
They are extremely reactive - the most reactive of all non-metals. Fluorine, 
chlorine and bromine are particularly dangerous whilst even iodine is potent 
enough to be used as a disinfectant.

Symbol F Cl Br I

Name fluorine chlorine bromine iodine

The Noble Gases -  these are the elements found in group 8 or 0, They finish  
    each  row in the Periodic Table.
They are extremely unreactive  - the most unreactive of all elements. Until 
recently it was believed they formed no compounds at all - hence their names.

Symbol He Ne Ar Kr Xe

Name helium neon argon krypton xenon
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Man-Made Elements: not found in nature.  Shown by * in Data Booklet

Symbol Rf Bh Cm No Fm

Name rutherfordium bohrium curium nobelium fermium

Ancient Elements: no date of discovery, listed as prehistoric in Data Booklet. 

Symbol Hg Pb Fe Cu Ag

Name mercury lead iron copper silver

Low Melting Point Solids: all of these would melt very easily.

Symbol P K Ga Rb Cs

Name phosphorus potassium gallium rubidium caesium

Number 15 19 31 37 55

MPt  (°C) 44 63 30 39 28
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1.4  Compounds

Atoms in Compounds Compounds are made of atoms of different kinds 
joined together.

One form of silicon 
dioxide is sand

All the silicon atoms 
and oxygen atoms are 
in a neat pattern

Common salt is  
sodium chloride

Salt crystals have
sodium atoms and 
chlorine atoms

Each petrol molecule 
has carbon atoms and 
hydrogen atoms

Petrol belongs to the 
hydrocarbon family

The fizz in lemonade
is carbon dioxide

Each molecule has 
1 carbon atom and 
2 oxygen atoms

This lesson is about Compounds & Mixtures

      A compound is two or more elements, two or more types   of atom, joined   
       together and can be broken down into simpler substances

 Mixtures A mixture is when two or more different substances are 
together, but are not chemically joined to each other.

These are hydrogen 
atoms.
They are molecules 
of  the   element   
called hydrogen.

These are oxygen 
atoms.
They are molecules 
of  the   element   
called oxygen.

These are water 
molecules.
2 hydrogen atoms 
are joined to each 
oxygen atom  to 
form a compound

These are molecules
o f  h y d r o g e n 
a n d  o x y g e n .
They are not joined.
This is a mixture 
not a compound.
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Grouping Compounds There are really only two groups of compounds, 
Covalent and Ionic. Page 6 in your data booklet 
includes information about these two groups.

Covalent Compounds:

Formula Structure Name of Compound M Pt (°C) B Pt (°C)

NH3 molecular ammonia -78 -33

CO2 molecular carbon dioxide -57 -78

CO molecular carbon monoxide -199 -192

NO2 molecular nitrogen dioxide -11 21

SiO2 network silicon dioxide 1700 2230

SO2 molecular sulphur dioxide -73 -10

H2O molecular water (hydrogen oxide) 0 100

Covalent compounds are formed between two or more non-metal elements and 
are usually molecular in structure. They are often gases or liquids, though 
covalent networks such as silicon dioxide can be very hard solids.

Ionic Compounds:

Formula Structure Name of Compound M Pt (°C) B Pt (°C)

BaCl2 network barium chloride 963 1560

CaO network calcium oxide 2614 2850

LiBr network lithium bromide 547 1265

MgCl2 network magnesium chloride 712 1418

KI network potassium iodide 686 1330

NaCl network sodium chloride 801 1413

Ionic compounds are formed between metal and non-metal elements and are 
always network in structure. They are all solids at room temperature.
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     The rate of a chemical reaction is the speed of the   
     reaction. It can be effected by:-

1.5     Reaction Rates
This lesson is about the factors which can effect the speed of a reaction.

Factors

Temperature

Concentration

Surface area
 (Particle Size)

Catalysts

As you increase the temperature of the 
reacting chemicals the reaction gets faster

If any of your reacting chemicals are 
solutions then increasing the concentration 
of the solution will make the reaction faster

If any of your reacting chemicals are solids 
then breaking the solid into smaller lumps 
will increase the surface area of the solid 
and make the reaction faster.

For some reactions it is possible to find an
extra ingredient that allows the reacting 
chemicals to react faster than normal but 
will not be used up during the reaction.

To find the rate of a reaction, some change is measured, eg weight loss, gas 
volume, cloudiness, at regular time intervals.

Any reaction that produces a gas which can 
escape into the room will lose weight.

An electronic balance can be used to measure 
the weight of chemicals and apparatus and the 
weight of gas produced can be calculated by 
subtracting from the starting weight.

Different sizes of marble lumps were compared 
using this apparatus and it was found that:- 

     small lumps react faster than medium lumps react faster than large lumps

Weight Loss

Electronic
Balance

2g marble

50 cm3 acid

cotton
wool
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Gas Volume A number of different methods can be used to measure the 
volume of a gas produced during a chemical reaction 
   The easiest and most common method is  
   to collect the gas in an upturned    
   measuring cylinder filled with water.
       

   As the gas goes in it pushes the water   
   out allowing the volume of gas to be   
   measured using the scale on the    
   measuring cylinder.

Cloudiness Many reactions produce solid precipitates and go cloudy but 
most do so immediately.
If, however, the reaction is slow enough, we can use a 
simple technique involving a cross drawn on a piece of 
paper to measure the rate of the reaction.
   The rate of this reaction was measured at 
   different temperatures and it was found 
   that:-

      higher the temperature the faster the 
      reaction

sodium thiosulphate
and hydrochloric acid  
 

Catalysts    A catalyst   is a substance that, when added to a reaction,  
    can speed up the  reaction but is not used up by the 
    reaction.

Catalysts can be very important in making chemicals on a large scale.
Using catalysts allows the Chemical Industry to produce chemicals faster and 
cheaper (less heat energy needed).
Anything from margarine to rubber can be made with the help of a catalyst.
Reactions in living things (plants and animals) are helped by catalysts called 
Enzymes. Some of these enzymes are used in industry to make cheese, yoghurt, 
beer and, in ‘biological’detergents, to clean your clothes 

Different concentrations of hydrochloric acid were compared using this 
apparatus and it was found that:- 
 more concentrated (1M) acid reacts faster than less concentrated (0.5M)
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One of the most important uses of catalysts is to help control pollution, in
particular, exhaust fumes from cars which contain poisonous chemicals, cancer 
causing chemicals and gases that help form acid rain.

Exhaust fumes normally pollute the air  
with a mixture of unburnt oil and petrol, 
carbon monoxide and oxides of nitrogen.

The catalyst chamber converts these into 
harmless gases by helping them to react 
with each other and oxygen from the air.
Nitrogen, oxygen, water vapour and 
carbon dioxide are produced and released  
into the air instead.
Catalysts make use of very expensive 
Transition Metals

Heterogeneous & Homogeneous Catalysts

In the example above, the catalyst is a solid while the reactants are all gases.

Similarly, solid manganese oxide
is used to catalyse the breakdown
of hydrogen peroxide solution.

Solid platinum wire can be used to
catalyse the reaction between oxygen
gas and ammonia gas. This is also a
very exothermic reaction.

When the catalyst is in a different state from the reactants it is described as 
heterogeneous (hetero = different, geneous = state).

An example of a homogeneous
catalyst is the use of cobalt
chloride solution to speed up
the reaction between hydrogen
peroxide and rochelle salt solution. 
(homo = same, geneous = state).
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     Often it is easiest to measure a quantity at regular 
     time intervals and use a graph of quantity against
     time to compare how fast different reactions are.

     For example, the progress of the marble / acid 
     reaction can be followed by measuring the mass of 
     the apparatus every 30 seconds.

     Plot the results for the large chips and medium chips.

 Then add the line you would expect to get if 2g of small chips were used.

Time (seconds) 0 30 60 90 120 150 180 210 240 270 300

Mass (large chips) (g) 85.0 84.5 84.0 83.4 82.9 82.3 81.9 81.6 81.4 81.4 81.4

Mass (medium chips) (g) 85.0 84.1 83.3 82.3 81.7 81.5 81.4 81.4 81.4 81.4 81.4

1.6     Reaction Rate Graphs
This lesson is about the different graphs that can be used to compare reactions.

Reaction Progress
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A shallow slope  -  many reactions are slow at  
   the start

B steep slope      -  fast reaction rate

C shallow slope - reaction starts to slow down  
   as chemicals are nearly used  
   up (their concentration falls)

D level slope - reaction has stopped. One of  
   the chemicals has been used  
   up completely

Quantity being measured

Time 

A

B

C

D

Different reactions can be compared by drawing them on the same graph

Quantity being measured

1 2 3 4 5 6 7 8 9 10 11 12

2

4

6

8

10

12

14

16

Time (min)

Reaction A

Reaction B

Reaction A has a steeper slope showing 
that it is the faster of the two reactions.
If two reactions use the same amount of 
chemicals they should produce the same 
amount of, for example, gas.
This is why their graphs should level off 
at the same amount. 

    Another method for comparing the speeds of different 
    reactions is to set a 'finishing line' for the reaction.

      For example, the speed of the magnesium / acid 
      reaction can be determined by timing how long 
      it takes for the reaction to produce 50 cm3 of 
      hydrogen gas.

      This can be used to investigate the effect of 
      changing the concentration of the acid.

Concentration (M) Time taken to produce 50 cm3 (s)
2.0 16
1.6 20
1.2 31
0.8 72
0.4 214

Finishing Line
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     The graph above would be better if it could give us 
     a direct measure of the effect of concentration on 
     Reaction Rate.

Rate is another word for Speed
and we already know how to 
calculate Speed. 

The distance the reaction had to
'travel' was 50 cm3 so,

Concentration (M) Time taken to 
produce 50 cm3 (s)

Reaction Rate
( cm3 per second )

2.0 16 50 /  16      =     3.13

1.6 20 50 /  20      =     2.50

1.2 31 50 /   31     =     1.61

0.8 72 50 /   72     =     0.69

0.4 214 50 / 214     =     0.23

Calculating Rates

Speed  = distance
time

Speed  = 50 cm3

time
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This is a much more useful graph and clearly demonstrates that:- 

 there is a straight line relationship between the concentration of the acid 
 and the rate of the reaction. 
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Topic Summary
Chemical Reactions
  •  In all chemical reactions new substances are formed
 •  In many chemical reactions there is a change in appearance
 • In many chemical reactions there is a detectable energy change
 • Chemical reactions that release heat are described as exothermic
 • Chemical reactions that take in heat are described as endothermic
  •  Precipitation is the reaction of two solutions to form an insoluble solid called  
  a precipitate
  •  Other chemical reactions include:-
    combustion (another word for burning)
    decomposition (another word for breaking down)
    neutralisation (reactions involving acids & alkalis)
  •  A chemical reaction is usually very difficult to reverse
  •  The chemicals present at the beginning of a reaction are called the reactants
  •  The chemicals being made by a reaction are called the products

Physical Changes
  •  Many physical changes also involve a change in appearance
 •  Physical changes do not involve a new substance forming
 • Physical changes are often easy to reverse
  •  Physical changes include:-
    melting, boiling, freezing etc (changes in state)
    chopping, crushing, cutting (another word for breaking down)
    heating (as long as it isn't burning)
 • Physical changes do not produce a new substance

Elements
 •  Everything in the universe is made from about 100 elements
 • Every element is made up of small particles called atoms.
 •  Elements cannot be broken down into simpler substances
 •  Atoms of different elements are different.
 •  There is a different symbol for every element
 •  Some symbols are derived from:  the first letter of the name - C
        the first two letters of the name - Ca
        the first and next important letter - Cd
        their original latin names - Au
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Compounds
 •  Compounds are formed when elements react with each other and join together
 •  To separate the elements in a compound requires a chemical reaction
Mixtures
 •  Mixtures are formed when two or more substances are mingled together 
  without reacting. They are not joined
 •  Separating the substances in a mixture does not involve a chemical reaction

Periodic Table
  •  The periodic table is how chemists classify elements.
 •  A column of elements in this table is called a group.
 • Elements in the same group have similar chemical properties.
  •  Important groups include:  Group 1 -  alkali metals (reactive)
                                            Group 7  -  halogens (reactive non-metals)
                                            Group O  -  noble gases (very unreactive)
 •  The transition metals are an important block of elements between groups 2 & 3
 •  Most elements are solids, a few are gases and two, bromine and mercury, 
  are liquids.

Rates of Reactions
 •  Chemical reactions can vary in speed from the very fast (instantaneous) to the  
  very slow.
 •  Examples of very fast reactions include neutralisation, explosions, precipitation
 •  Examples of very slow reactions include rusting, rotting
 •  Decreasing particle size (smaller lumps or powder instead of lump) speeds up 
  chemical reactions
 •  Decreasing particle size increases the surface area available to react so the 
  reaction is faster
 •  Increasing temperature speeds up chemical reactions
 •  Increasing temperature makes the particles move about with more energy and 
  the reaction is faster
 •  Increasing concentration  speeds up chemical reactions
 •  Increasing concentration  of a reactant increases the number of particles 
  available for reaction and the reaction is faster
 •  Using a catalyst  speeds up some chemical reactions
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Following Reactions
 •  Reactions are followed by measuring a change in some quantity against time
  e.g measuring change in mass of apparatus as a gas is produced
   measuring change in volume as a gas is produced
 •  Reaction Rates can also be compared by setting a  finishing line and measuring 
  time taken to reach finishing line
  e.g measuring time taken to produce a certain volume of gas
   measuring time taken to produce enough precipitate to obscure a cross
 •  Reaction Rates can be calculated using a variation of the speed / distance / time
  formula

Reaction Graphs
 •  In 'simple' quantity against time 
  graphs we use slopes to help us 
  compare how fast different 
  reactions are
 •  Different lines on the graph can 
  be used for different conditions 
  eg temperature, concentration 
  or particle size.

Catalysts
 •  Catalysts speed up some reactions
 •  Catalysts are not used up during reactions
 •  Catalysts can be recovered and used again at the end of reactions
 •  Catalysts just about always involve Transition Metals
  e.g manganese dioxide catalyses decomposition of hydrogen peroxide
   cobalt chloride catalyses hydrogen peroxide / rochelle salt reaction
   platinum wire catalyses ammonia / oxygen reaction
   platinum, palladium & rhodium are used in  catalytic converters 
 •  Catalytic Converters are part of a car exhaust system and are used to convert 
  harmful gases into less harmful gases
 •  Catalysts in living things (biological catalysts) are called enzymes

Speed  = distance
time

Speed  =
finishing line quantity

time

Quantity being measured
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