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Extract from the specification: Module 05 – Metals

This module includes the following:

· Examining how common metals are, and where they are, in a periodic table of the elements. (N.B. For the purposes of this module, the periodic table is regarded as comprising the elements in order of their relative atomic masses. 

· The periodic table in order of their proton (atomic) numbers is considered in Module 08 in the context of atomic structure.)

· Comparing the properties of alkali metals with the properties of transition metals and relating this to the greater usefulness of the latter or structural materials.

· Explaining how metals are extracted from their ores and relating this to their reactivities
· Considering how structural metals can be prevented from reverting to their oxides (i.e. corroding).

· Investigating how metal compounds (salts) can be prepared.

N.B. It is anticipated that candidates’ abilities:

· to represent chemical substances by formulae;

· to interpret chemical equations in which reactants and products are represented by formulae; 

and at the higher tier:

· to represent chemical reactions by balanced equations;

· to calculate reacting masses and volumes from balanced equations;

will be progressively developed throughout the modules associated with Materials and their Properties.

The assessment of these abilities will, however, be incorporated into the assessment, via the terminal examination, of those modules where they are explicitly specified, i.e. “Patterns of Chemical Change” and “Structure of Bonding”.

Candidates should be able to 

· write word equations for all reactions referred to in the tier of this module for which they are entered.

--------------------------------------------------------------------------------------------------------

14.1 Where do metals fit into a table of the elements?

The chemical elements can be arranged in order of the relative atomic masses of their elements.

· This list can then be arranged in rows so that elements with similar properties are in the same columns, known as Groups. 

· The resulting table is known as the periodic table.

· Although most elements are in appropriate Groups, a few are not.

· Argon atoms, for example, have a greater relative atomic mass than potassium atoms but argon is better placed before potassium in the periodic table so that it is in Group 0 and potassium is in Group 1.
More than three quarters of the elements are metals. In the Periodic table the metals are mainly found 

· In the two left hand columns (Group 1 and 2)

· In the central block (transition metals)

The elements in group 1 of the periodic table (known as the alkali metals): 

· Are metals with low density (first three are less dense than water and so float).

· React with non-metals to form ionic compounds. The compounds are white solids which dissolve in water to form colourless solutions.

· React with water releasing hydrogen

Form hydroxide which dissolves in water to give an alkaline solution.

Like other metals, transition metals are good conductors of heat and electricity and can easily be bent or hammered into shape.

Compared to alkali metals:

· they have high melting points (except for mercury, which is a liquid at room temperature);

· they are hard, tough and strong;

· they are much less reactive and so do not react (corrode) so quickly with oxygen and/or water.

These properties make transition metals very useful as structural materials (e.g. iron, usually in the form of steel) and for making things which must allow heat or electricity to pass through them easily (e.g. copper for electrical cables).

Most transition metals form coloured compounds.

· These can be seen:

· in pottery glazes of various colours;

· in weathered copper (green).

Many transition metals, including iron and platinum, are used as catalysts.

--------------------------------------------------------------------------------------------------------

14.2 How are metals extracted from their ore?

KS3 prior knowledge 3.3a,b,c

Some metals are more reactive than others. By observing whether or not various metals react:

· with air, to produce metal oxides;

· with water (cold, hot or as steam) to produce metal hydroxides (or oxides) and hydrogen;

· with dilute acids, to produce metal salts and hydrogen; and by observing how vigorous any of these reactions are, a reactivity series can be determined.

                 ----------------------------------------------------------------------------------

The Earth’s crust contains metals and metal compounds.

· These are always found mixed with other substances.

· In ores, the metal or metal compound is concentrated enough to make it economic to extract the metal.

· Gold, an unreactive metal, is found in the Earth as the metal itself. Chemical separation is not needed.

· Often an ore contains a metal oxide or a substance which can easily be changed into a metal oxide. 

· To extract the metal, the oxygen must be removed from the metal oxide. 

· This is called reduction. 

· How a metal is extracted from its ore depends on how reactive the metal is.

· A metal such as iron, which is less reactive than carbon, can be extracted from its ore using carbon.

How a metal is extracted from its ore depends on how reactive the metal is.

The reactivity series of metals lists metals in order of their reactivity, the most reactive metal being placed at the top of the list and the least reactive at the bottom. 

A more reactive metal can displace a less reactive metal from its compounds.

The non-metal elements carbon and hydrogen will also displace less reactive metals from oxides of those metals.

Candidates should be able to 

· use the position of a metal in the reactivity series to predict how the metal could be extracted from a compound.

[See Data Sheet for a reactivity series of metals, which also includes carbon and hydrogen.]

[Blast furnace]
· The solid raw materials used in the blast furnace are iron ore (haematite), coke and limestone. 

· Hot air is blown into the furnace and this causes the coke to burn forming carbon dioxide and releasing energy. 

· At the high temperatures in the furnace the carbon dioxide reacts with coke to form carbon monoxide. The carbon monoxide reduces the iron oxide in the iron ore into molten iron which flows to the bottom of the furnace. 

· The carbon monoxide combines with the oxygen from the iron ore to produce carbon dioxide. This is called oxidation. 

· Limestone is added to remove acidic impurities forming a molten slag that floats on the surface of the molten iron.

[Theory of electrolysis]

· Reactive metals such as aluminium are extracted by electrolysis.

· When an ionic substance is melted or dissolved in water the ions are free to move about.

· When substances, which are made of ions, are dissolved in water, or melted, they can be broken down (decomposed) into simpler substances by passing an electric current through them. This process is called electrolysis.

· During electrolysis, positively charged ions (for example, metal ions) move to the negative electrode, and negatively charged ions move to the positive electrode.
· During electrolysis, gases may be given off, or metals deposited at the electrodes.
[Extraction of Aluminium by Electrolysis]

· The raw material for producing aluminium is aluminium oxide, purified from aluminium ore (bauxite). 

· Aluminium oxide has a very high melting point so it is dissolved in a molten aluminium compound called cryolite at a much lower temperature. 

· The electrodes are made of carbon. 

· The aluminium forms at the negative electrode and oxygen forms at the positive electrodes. 

· This makes the positive electrodes burn away quickly so that they frequently have to be replaced.

Copper can be purified by electrolysis using a positive electrode made of the impure copper and a negative electrode of pure copper in a solution containing copper ions.
Higher candidates only

· At the negative electrode positively charged ions gain electrons (reduction).

· At the positive electrode negatively charged ions lose electrons (oxidation).

· In a chemical reaction if oxidation occurs reduction also occurs. These reactions are called redox reactions.

--------------------------------------------------------------------------------------------------------

14.3 How can metals be prevented from reverting to their oxides?

· Iron (or steel) corrodes more quickly than most other transition metals. 

· This corrosion can be prevented by connecting iron to a more reactive metal (e.g. zinc or magnesium) (sacrificial protection) 

· or by mixing in other metals (e.g. chromium) to make a non-rusting alloy called stainless steel

· Aluminium does not oxidise (corrode) as quickly as its reactivity would suggest. 

· Once a thin oxide layer has formed on the surface, it forms a barrier to water and oxygen and so prevents any further corrosion.

· Aluminium is a useful structural metal. 

· It can be made harder, stronger and stiffer by mixing in small amounts of other metals (e.g magnesium) to make alloys.
--------------------------------------------------------------------------------------------------------

14.4 How can metal compounds be made?

Recap on KS3 Acids and Alkalis

· When a substance dissolves in water it forms an aqueous solution, which may be acidic, alkaline or neutral.

· Water itself is neutral.

· Indicators can be used to show whether a solution is acidic, alkaline or neutral by the way their colours change.

· The pH scale is used to show how acidic or alkaline a solution is:

neutral

[image: image4.png]Formulae of Some Common
lons.

Positive ions
Name

Hydrogen
Sodium
Silver
Potassium
Tithium
Ammonium
Barium
Calcium
Coppex(IT)
Magnesium
Zinc

Tead
Tron(IT)
Tron(1T)

Aluminium

Formula

H

Na
Ag
K

Negative ions
Name

Chloride
Bromide
Fluoride
Todide
Hydroside
Nitrate
Oxide
Sulphide
Sulphate
Carbonate

Formula

c
Br
¥

1
oH
NO,
o*
s
50,
cos



[image: image5.png]3 The Periodic Table of Elements

ke o
Relaive aomic mass A [T .
12 "
Atcnic uanber (Proton manbe) Z |
Be
Mg
K |G
R
c | B A
v

Elemens 5671 0d 9010




0                                 7                             14

increasing acidity             increasing alkalinity

                    -----------------------------------------------------------------------------

Compounds of alkali metals called salts can be made by reacting solutions of their hydroxides, which are alkaline, with acids. In these neutralisation reactions:

acid   +  alkaline hydroxide solution (base)                           a neutral salt solution     +    water
The particular salt produced in any reaction between an acid and an alkali depends on:

· the acid used

· the metal in the alkali

Neutralising 

· hydrochloric acid produces chlorides.

· nitric acid produces nitrates.

· sulphuric acid produces sulphates.

Ammonia also dissolves in water to produce an alkaline solution. This can be neutralised with acids to produce ammonium salts.

Salts of transition metals, as with some other metals, can be made by reacting their oxides or hydroxides with acids. 

· Transition metal oxides and hydroxides do not dissolve in water and are called bases. 

· To produce a solution of a soluble transition metal salt, the metal oxide (or hydroxide) is added to an acid until no more will react

· The excess metal oxide (or hydroxide) can then be filtered off. 

· Hydrogen ions H + (aq) make solutions acidic.

· Hydroxide ions OH - (aq) make solutions alkaline.
Higher Only

In neutralisation reactions:       H+(aq) + OH− (aq)                        H2O(l)
Where to find help in your text book at home

To aid your revision of this topic, listed below are the page reference numbers to your textbook Science for GCSE by Graham Hill.

14.1 Where do metals fit into a table of elements?

· Alkali metals

· p160-162

· Transition metals

· p166-168

14.2 How are metals extracted from their ore?

· Introduction

· p144-146

· Blast Furnace

· p146-148

· Electrolysis, extraction of aluminium and copper purification.

· p148-150

14.3 How can metals be prevented from reverting to their ores?

· Sacrificial protection

· p139-142

14.4 How can metal compounds be made?

This topic is mainly a recap of the work you completed at KS3. In addition to the information below you could also use your SATs revision guide from last year to go over the basics of acids and alkalis.

· How metals react with acids

· p136-137
Where to find help on the internet

Listed below are a variety of websites which are excellent sources of information and revision quizzes.

www.bbc.co.uk/schools/gcsebitesize/

The BBC website which runs in parallel with the books you can now purchase from the Science department.
http://www.bbc.co.uk/schools/gcsebitesize/chemistry/

This is the link specifically for chemistry, the topics relevant to this module are:

· Patterns of Behavior ~ Periodic table 1 and 2

· Structures of materials ~ Atomic structure and Compounds and chemical change
http://www.s-cool.co.uk

An excellent site that provides information for most GCSE subjects and provides revision tips and useful links.

http://www.cgpbooks.co.uk/online_rev/rev_home.htm

A good site for the practice exercises. Click on the yellow circle and then select GCSE, then science and try the MCQ which are online. You can check your answers straight away.

http://www.schoolscience.co.uk

This site provides quick quizzes. Select student in the top grid and from the pop down box select ‘Quizzes’. This will take you to a list 8 quizzes they are MCQ and will give you the answers at the end.

http://www.learn.co.uk

This site is provided by The Guardian newspaper and provides both the revision notes for all three sciences under the heading Key Stage 4 (year 10-11) Science – foundation or Science – higher (if you are unsure which tier is yours please ask your teacher); and a revision guide/planner under the heading ‘Revision’.

http://www.chemguide.co.uk/

This website outline the principle points in chemistry has a page to outline and describe them.

http://www.purchon.com/chemistry/index.htm

This is a useful site and gives some good explanations of what you need 

to know. The relevant links for this module are:

· Elements

· Atomic structure

· Group 1 metals

· pH

· Acids

· Balanced equations

http://www.wpbschoolhouse.btinternet.co.uk/page22/AQASciSyllRev/AQAindex.htm

This is an excellent site, which explains the main points of chemistry. Either

Scroll down the page or click on ‘List of GCSE-KS4 Chemistry, Earth 

Science and Radioactivity Revision notes’ and click on the purple N next to

the topic you wish to revise.

http://www.sandownhighschool.com/departments/science.htm

This is Sandown High School website. This contains many questions and their model answers, which are located under ‘science revision’.
http://www.creative-chemistry.org.uk/

This site provides both revision sheets and quizzes for you to work through on chemistry topics. It also contains an excellent ‘Sc1 tune-up’ section, which will help you identify key areas for improvement for your coursework.

http://revisioncentral.co.uk/

As indicated this is a website that contains outlines and key information on a variety of issues in Biology, Chemistry and Physics. It also contains 11 useful revision tips.

http://www.darvill.clara.net/

This website contains many useful tips and links. It also has online quizzes, which you can try out and mark straight away.

The AQA Data sheet

On the next two pages you will find a copy of the AQA Data sheet that is provided for you in the examinations. It shows you the reactivity series of metals, and the most common ions. You do not need to learn these; you just need to learn how to use them properly.

Also provided is the periodic table of elements [please note that the atomic mass is the top number and the atomic number is the lower one in the box].
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