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Lesson 

Two 

Chemistry: The 

Reactivity Series 
 

 

Aims  

By the end of this lesson you should:  

 

  

 know how metals react with oxygen, water and acids 

 

 know the reactivity series, understand its significance, 

and be able to make predictions using it 

 

 understand how the reactivity of metals affects the 

methods used for their extraction 

 

 understand how reactivity relates to the occurrence of 

metals and the date of their first use 

 

 have acquired greater confidence in the use of symbol 

as well as word equations 

 

 

 

 

Context 

 

This lesson extends the work from Lesson Two of Year 7 

and Lesson Two of Year 8. It concentrates on the metal 

elements and investigates their similarities and 

differences. 

 

 

 

 

 
 

Oxford Home Schooling 

 



Lesson Two The Reactivity Series 

 

2 

Introduction 
 

The Periodic Table (found at Appendix A at the back of this 

folder) lists the 100+ chemical elements. Most of these 

elements are metals. Metals have also been crucial in the 

development of human civilisation. It is therefore important to 

know something about them. 

 

All metals share many features, and we start by looking at 

these. But they also vary greatly in how reactive they are – in 

how keen they are to combine with other elements to form 

compounds. This affects when they were first discovered and 

how they are extracted. 

 

What Metals have in Common 

 

Physical Properties 

 

In Lesson Two of the Year 7 Science course we met the list of 

elements in the Periodic Table (see Appendix A) and noted 

that they can be divided into metals and non-metals.  

 

The metals elements share many physical properties – those 

not to do with chemical reactions. All the metal elements are: 

 

 shiny: they have a metallic sheen which is different from the 

shininess of polished wood, crystals or plastic 

 

 good conductors of heat 

 

 good conductors of electricity 

 

 malleable: they can be bent without breaking 

 

 ductile: they can be stretched without breaking 
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http://commons.wikimedia.org/wiki/File:Pylons,_pylons_and_more_pylons._-_geograph.org.uk_-_537276.jpg 

Reproduced under: http://creativecommons.org/licenses/by-sa/2.0/deed.en 

 

Pylons (made of steel) carrying high voltage cables (made of aluminium) across the countryside 

Copper wire with a metallic sheen 
 

Metals differ from each other in properties like hardness (some 

are quite soft) and density (some will even float on water). But 

they all share the above properties, which are different from 

those of the non-metal elements.   

 

Chemical Properties 

 

Metals are also similar in the chemical reactions they do – in 

their chemical properties. Here are three important 

similarities they share: 

 

1. They react with oxygen from the air to form metal oxides. 

These metal oxides are bases – that is, they neutralise acids 

(see Year 7, Lesson Eighteen). 

 

METAL  +  OXYGEN    METAL OXIDE 

 

 For example: 

 

  magnesium  +  oxygen    magnesium oxide 

 

       2Mg         +     O2               2MgO 

 

2. They react with water to form metal hydroxides and 

hydrogen. These metal hydroxides are also bases. 

 

METAL  +  WATER    METAL HYDROXIDE  +  HYDROGEN 

 

For example: 

http://commons.wikimedia.org/wiki/File:Pylons,_pylons_and_more_pylons._-_geograph.org.uk_-_537276.jpg
http://upload.wikimedia.org/wikipedia/commons/3/3e/Pylons,_pylons_and_more_pylons._-_geograph.org.uk_-_537276.jpg
http://commons.wikimedia.org/wiki/File:Tinned_Copper_Wire_anaglyph.jpg
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  sodium  +  water    sodium hydroxide  + hydrogen 

 

                     2Na      +    2H2O             2NaOH            +      H2 

 

3. They react with acids to form salts and hydrogen. (See Year 8, 

Lesson Two.) 

 

METAL  +  ACID    SALT  +  HYDROGEN 

 

For example: 

 

  zinc  +  sulphuric acid    zinc sulphate  +  hydrogen 

 

    Zn   +      H2SO4                  ZnSO4       +      H2 

 
 

There are some metals which are so unreactive that they will 

not do these reactions at all. But when they do react, all 

metals follow the pattern given. 

 

 

Activity 1  
 

Predict the word equations for the reactions of: 

 

1. Zinc and oxygen 

2. Potassium and water 

3. Magnesium and hydrochloric acid 

 
 


 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

The reactivity series is a list of the metal elements, arranged in 

order of their reactivity, with the most reactive at the top and 

the least reactive at the bottom. The following reactivity series 

is simplified to include only the most important metals: 
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  Potassium K  MOST REACTIVE 

  Sodium Na 

  Calcium Ca 

  Magnesium Mg 

  Aluminium Al 

  Zinc  Zn 

  Carbon C 

  Iron  Fe 

  Lead  Pb 

  Hydrogen H 

  Copper Cu 

  Silver  Ag 

  Gold  Au  LEAST REACTIVE 

 
 

Carbon and hydrogen have been included in the series in 

italics, even though they are not metal elements. The reason 

for this will be explained later. 

 
 



 

Log on to Twig and look at the film titled: Reactivity Series 

www.ool.co.uk/1417tm 

The discovery and uses of reactive metals throughout 

history, and how their uses have defined the period in 

which they were discovered. 

 

Reactions with Oxygen 

 

The reactivity series predicts that the elements will react more 

reluctantly with oxygen (and therefore with air, which contains 

21% oxygen) as you go down the list. This turns out to be true. 

For example, if you heat metals in air: 

 

 potassium burns very quickly, even after gentle heating; 

 

 iron will burn, but only if heated strongly and in the form of 

powder or thin wire; 

 

 copper will not burn at all, however hard you heat it, but will 

react if heated strongly to form a layer of black copper oxide 

on the metal; 
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 gold will not react at all, even with strong heating. 

 
 

 
http://commons.wikimedia.org/wiki/File:Magnesium_ribbon_burning.jpg 

Reproduced under: http://creativecommons.org/licenses/by-sa/3.0/deed.en 

 

Magnesium burning after heating in air 
 

In each case, the reaction is: 

 

 METAL  +  OXYGEN    METAL OXIDE 

 

http://commons.wikimedia.org/wiki/File:Magnesium_ribbon_burning.jpg
http://upload.wikimedia.org/wikipedia/commons/8/8a/Magnesium_ribbon_burning.jpg
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Activity 2 
 

You can investigate the reaction of iron with oxygen yourself 

with these two experiments: 

 

1. Get some fine steel wool, and tease the fibres out until 

they are separated and open. (You may find steel wool 

in a DIY store, or you can use a Brillo Pad from the kitchen 

after washing its soap out.) Hold the wool with a pair of 

metal tongs or scissors in a candle flame. The metal will 

burn and scatter sparks. At the end, wait for it to cool 

and then feel what is left. It is a dark, crumbly solid. This 

solid is iron oxide.  

 

Safety: (a) have your candle on a heat-proof surface, such as a 

concrete floor (b) wear safety goggles in case some sparks spit 

into your eyes (c) never leave a burning candle unattended. 

 

2. Press a handful of steel wool into a drinking glass and 

moisten it with water. Invert the glass over a dish of water 

like this: 

 
After a couple of days, the water will have risen about 1/5th of 

the way up the glass, and the steel wool will have gone rusty. 

The iron in the steel wool has combined with the oxygen in the 

air (about 1/5th of the air) to form iron oxide (rust).  
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Reactions with Water 

 

The reactivity series also predicts that the elements will react 

more reluctantly with water as you go down the series. These 

statements also turn out to be true: 

 

 Potassium reacts violently with cold water, and the hydrogen 

produced catches fire. 

 

 Calcium reacts quite quickly with cold water. 

 

 Magnesium reacts slowly with cold water, but vigorously with 

steam. 

 

 Iron will not react at all with cold water, but will react with 

steam. 

 

 Copper and gold will not react at all with water or steam. 

 

 

 
http://commons.wikimedia.org/wiki/File:Potassium_water_20.theora.ogv 

Reproduced under: http://creativecommons.org/licenses/by-sa/3.0/deed.en 

 

Potassium burning in cold water 

 

In each case, the reaction is: 

 

 METAL  +  WATER    METAL HYDROXIDE  +  HYDROGEN 

 

Reactions with Acids 

 

Metals react faster with cold dilute acids (like hydrochloric 

acid) than they do with water: 

 

http://commons.wikimedia.org/wiki/File:Potassium_water_20.theora.ogv
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 Sodium reacts so fast it may cause an explosion. 

 Magnesium reacts very quickly. 

 

 Zinc reacts as a moderate speed. 

 

 Iron reacts very slowly, but at a moderate speed if the acid is 

warmed. 

 

 Copper and gold will not react at all. 

 

 

In each case, the reaction is: 

 

METAL  +  ACID    SALT  +  HYDROGEN 

 

A metal will only react with dilute acids if it is above hydrogen 

in the reactivity series. That is why hydrogen was included in 

the series given above.  

 

 

Activity 3  
 

Use the reactivity series to predict how vigorous (fast) the 

following reactions will be: 

 

a. Zinc and oxygen 

b. Silver and steam 

c. Calcium and dilute hydrochloric acid 

 

 
 


 

 

 

 

 

 

 
 

 

 

Activity 4 

 
 

 

You can see some of these chemical reactions taking place on 

YouTube at www.youtube.com. Put “sodium potassium water” 

and magnesium burning” into the search box.  

 

 
 

 

http://www.youtube.com/
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Displacement Reactions 
 

The reactivity series shows how keen the various metals are to 

combine with other elements to form compounds. The 

elements near the top are far more ready form compounds 

than the elements at the bottom. This means that a metal 

higher up the series may “steal” other element(s) from a metal 

lower down, leaving it as an uncombined element. Such a 

reaction is called a displacement reaction. 

 

There are two important types of displacement reaction: those 

involving metal oxides, and those involving salts dissolved in 

water. 

 

Displacement of Metals from Metal Oxides 

 

If you heat aluminium powder with iron oxide, a very vigorous 

chemical reaction takes place. The aluminium takes the 

oxygen from the iron oxide, leaving metallic iron: 

 

 aluminium  +  iron oxide    iron  +  aluminium oxide 

 

      2Al          +     Fe2O3        2Fe    +         Al2O3 

 

In fact the reaction is so vigorous that it produces enough heat 

to melt the iron! The reaction is called the Thermit Reaction 

and is used in industry to produce small amounts of molten 

iron when required. For example, it can be used to join two 

lengths of railway line together. 

 

 
http://commons.wikimedia.org/wiki/File:Thermit_welding.jpg 

Reproduced under: http://commons.wikimedia.org/wiki/Commons:GNU_Free_Documentation_License_1.2 

Rails being welded together using the Thermit Reaction. 

http://commons.wikimedia.org/wiki/File:Thermit_welding.jpg
http://upload.wikimedia.org/wikipedia/commons/e/ea/Thermit_welding.jpg
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Log on to Twig and look at the film titled: The Elements: Iron 

www.ool.co.uk/1411zp 

Iron is crucial in many areas of life: it is found in our blood, 

as well as being used to build bridges. 

 

In general, the reaction between a metal and a metal oxide 

goes like this (where X is a metal higher up the reactivity 

series than Y): 

 

  X   +   YO      XO   +   Y 

 

The further apart in the series the two metals are, the more 

vigorous the reaction will be. However, if you try this the other 

way around, nothing happens: 

 

  XO   +   Y      no reaction 

 

 

Displacement of Metals from Solutions of their Salts 

 

If you take some blue copper sulphate solution and drop in a 

piece of zinc, two things happen: 

 

 the solution becomes paler, and 

 the bright, silvery surface of the zinc turns darker. 

 

The zinc displaces the copper from its compound like this: 

 

 zinc  +  copper sulphate    copper  +  zinc sulphate 

 

  Zn    +      CuSO4                 Cu     +      ZnSO4 

 

Zinc sulphate is soluble in water, but is colourless, so the blue 

colour of the solution fades as the copper sulphate is used up. 

Copper is a darker colour than zinc, so it makes the zinc go 

darker as a thin layer of it forms on the zinc surface. 

 

A displacement reaction occurs whenever you put a metal into 

a solution of the salt of another metal that is lower down the 

reactivity series. For example: 

 

 magnesium  +  iron chloride    iron  +  magnesium chloride 
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        Mg         +       FeCl2             Fe    +         MgCl2 

  

 

Activity 5  
 

Predict the word equations for the following reactions. If the 

reaction will not go, say “no reaction” instead. 

 

1. Iron and lead oxide 

2. Calcium and sodium oxide 

3. Magnesium and lead chloride 

4. Zinc and aluminium nitrate 

 

 

 
 


 

 

 

 

 

 

 
 

 
 

Extracting Metals 
 

Most metals that we use in the modern world are not found as 

elements in the earth’s crust. Instead they are found as 

compounds in an ore. An ore is a rock which contains a high 

concentration of a metal compound: high enough for it to be 

worthwhile trying to get the metal from it. Getting a metal 

from its ore is called extracting the metal. 

 

 
http://commons.wikimedia.org/wiki/File:TaconitePellet.JPG 

Reproduced under: http://creativecommons.org/licenses/by/3.0/deed.en 

Iron ore, and the metal extracted from it 

http://commons.wikimedia.org/wiki/File:TaconitePellet.JPG
http://upload.wikimedia.org/wikipedia/commons/a/ac/TaconitePellet.JPG
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Methods used 

The method used to extract a metal from its ore depends upon 

its position in the reactivity series. The cheapest possible 

method will used so that the metal obtained is not too 

expensive.   

 

The cheapest method of all is to heat the ore with carbon. 

Carbon used to be obtained from trees in the form of 

charcoal, but these days it is obtained from mined coal in the 

form of coke. Often the ore is a metal oxide, in which case the 

reaction is: 

 

 metal oxide  +  carbon    metal  +  carbon dioxide 

 

This method can be used to extract all the metals lower than 

carbon in the reactivity series.  That is why carbon was 

included in the series given above. 

 

Iron 
The most-used metal of all is iron. Its ore is called haematite, 

and it is mainly iron oxide. The iron is extracted by heating 

the ore with coke in a blast furnace. The reactions involved 

are quite complicated, but overall this is what happens: 

 

      iron oxide  +  carbon    iron  +  carbon dioxide 

 

Most iron is then converted into steel, which is stronger, by 

adding small amounts of other elements to it.  

 

 
http://commons.wikimedia.org/wiki/File:Haut_fourneau.png 

An early blast furnace 
 

http://commons.wikimedia.org/wiki/File:Haut_fourneau.png
http://upload.wikimedia.org/wikipedia/commons/f/ff/Haut_fourneau.png
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Activity 6 

 
 

You can see videos of blast furnaces in action on YouTube at 

www.youtube.com . Enter “blast furnace video” in the search 

box. 

 

 

 

 
 

Aluminium 
 

Aluminium is the second most used metal in the modern 

world. It is used in aircraft bodies, high voltage power lines 

and drinks cans, for example.  

 

Unfortunately, aluminium is above carbon in the reactivity 

series. This means it cannot be extracted from its ore (bauxite, 

mainly aluminium oxide) by heating with carbon. You could of 

course, extract it by heating with magnesium, say, or 

potassium. But these are very expensive, and themselves 

cannot be extracted by heating their ores with carbon! 

 

Aluminium is actually extracted by passing electricity though 

melted aluminium oxide at very high temperatures. This is 

more expensive than extracting iron because of the amount of 

power need to make it work. You will find out exactly how this 

is done in your GCSE course.  

 
 



 

Or you can make a head start by logging on to Twig and 

looking at the film titled: Extraction of Aluminium 

www.ool.co.uk/1469mg 

Explore the difficulties of extracting aluminium from its ore, 

and how the vast quantities of heat and electricity 

generated by electrolysis allow this to happen. 

 

First Extraction and Use 

 

If you know some ancient history, you will probably be aware 

that different metals were first discovered and used by 

mankind at different stages of history: 

http://www.youtube.com/
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 During the stone age (up to about 3300 BCE) only gold and 

silver were known about, and were used for jewellery. Tools 

and weapons were made from stone, wood and bone.  

 

 In the bronze age, copper (and tin) were extracted from their 

ores and used for tools and weapons. 

 

 In the iron age (from about 1200 BCE) iron was extracted and 

used for tools and weapons. 

 

 Aluminium, even though it is the most abundant element in 

the Earth’s crust, was only discovered and used from about 

1825 CE. 

 

If you compare this information with the reactivity series, you 

can probably work out reasons for the early or late discovery 

of the various metals: 

 

 Gold and silver are so unreactive that they are found in the 

Earth’s crust as the metals themsleves. They were therefore 

spotted early, and used for jewellery because of their beauty. 

The other metals are so reactive that they are always found as 

compounds, never as metals themselves. This means that 

ancient people did not even know they existed! 

 

 Copper (and tin) were discovered early because they are 

unreactive and can be extracted by heating with charcoal at 

quite a low temperature. Perhaps they were discovered by 

accident when somebody used some lumps of copper and tin 

ore as rocks surrounding their camp fire. Iron, although much 

more abundant, was discovered later because it is more 

reactive: the fire needs to be much hotter to extract it. 

 

 Aluminium is too reactive to extract by heating at all. It could 

not be discovered until after the invention of electricity some 

2000 years later. 
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Activity 7 

 
 

 

Investigate online coverage of the topic of this lesson at Skoool: 

lgfl.skoool.co.uk/keystage3.aspx?id=64 , topics 5 and 9-12. 

 

 

 

 

 

Self–Assessment Activity 
 

The following passage was written by a very confused student.  

Identify their mistakes, then try it out on a friend to see how 

they get on. 

 

“The reactivity series lists metal compounds, including 

magnesium sulphur and lead, in their order of reactivity, with 

the least reactive at the top. Those at the top and bottom are 

most keen to react with other elements to form compounds.  

 

Less reactive metals will displace other metals from their 

compounds. For example, magnesium will displace iron from 

iron oxide to form iron and magnesium carbonate. Copper will 

displace zinc from zinc sulphate. 
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The most reactive metals were the first to be discovered, 

because they are present in the Earth’s crust as metals. Other 

metals are found in rocks called roes. For example, iron is 

found in bauxite. 

 

All metals will react with oxygen to give metal oxides. Some 

will react with water to give a metal hydroxide and hydrogen. 

Most will react with dilute nitric acid to gives salts called 

sulphates as well as water. 

 

The most common metal in the earth’s crust is iron. The most-

used metal in the modern world is copper.” 

 

Suggested Answers to Activities 
 

Activity 1 
 

1. zinc  +  oxygen    zinc oxide 

 

2. potassium  +  water    potassium hydroxide  +  hydrogen 

 

3. magnesium  +  hydrochloric acid    magnesium chloride  +  

hydrogen 

 

Activity 3 
 

a. Zinc powder will burn if it is heated.  

b. No reaction 

c. Very fast indeed. May get so hot that it spits dangerously. 

 

Activity 5 
 

1. iron  +  lead oxide    lead  +  iron oxide 

 

2. No reaction 

 

3. magnesium  +  lead chloride    magnesium chloride  +  lead  

 

4. No reaction 

 
 

 


