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Module 06 – Earth Materials

This module includes the following:

Investigating the uses of limestone both as a building material and as a raw material for producing a range of other useful materials.

Studying the fractionation and cracking of crude oil to produce a range of useful

materials, including plastics via the process of polymerisation.

Considering the origins of the Earth’s atmosphere.

Extending the concept of global changes via a consideration of tectonics.

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.

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

15.1 Why is limestone such a useful material?

Limestone, which is mainly calcium carbonate, can be quarried and used as a building material. Powdered limestone can be used to neutralise acidity in lakes and soils.

When limestone is heated in a kiln it breaks down into quicklime (calcium oxide) and carbon dioxide. This type of reaction is called thermal decomposition (other carbonates behave in a similar way).

Quicklime reacts with water to produce slaked lime (calcium hydroxide) which is used to reduce the acidity of soil.

Cement is produced by roasting powdered limestone with powdered clay in a rotary kiln. When cement is mixed with water, sand and crushed rock, a slow chemical reaction produces a hard, stone-like building material called concrete.

Glass is made by heating a mixture of limestone, sand and soda (sodium carbonate).

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

15.2 How can so many useful products be made from crude oil?

KS3 (prior learning)

Crude oil is obtained from the Earth’s crust.

It was formed from the remains of organisms which lived millions of years ago. It is a fossil fuel.

The fossil fuels coal, oil and natural gas have resulted from the action of heat and pressure over millions of years, in the absence of oxygen, on material from animals and plants (organic material) which has been covered by layers of sedimentary rock.

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

Crude oil is a mixture of a very large number of compounds.

A mixture consists of two or more elements or compounds not chemically combined together. The chemical properties of each substance in the mixture are unchanged. This makes it possible to separate the substances in a mixture by physical methods including distillation.

Most of the compounds in crude oil consist of molecules made up of hydrogen and carbon atoms only (hydrocarbons).

The many hydrocarbons in crude oil may be separated into fractions, each of which contains molecules with a similar number of carbon atoms, by evaporating the oil and allowing it to condense at a number of different temperatures. This process is fractional distillation.

The hydrocarbon molecules in crude oil vary in size.

The larger the molecules (the greater the number of carbon atoms) in a hydrocarbon:

· the higher its boiling point;

· the less volatile it is;

· the less easily it flows (the more viscous it is);

· the less easily it ignites (the less flammable it is).

This limits the usefulness of hydrocarbons with large molecules as fuels.

Large hydrocarbon molecules can be broken down (cracked) to produce smaller, more useful molecules. This process involves heating the hydrocarbons to vaporise them and passing the vapours over a hot catalyst. A thermal decomposition reaction then occurs.

Some of the products of cracking are useful as fuels.

Most fuels contain carbon and/or hydrogen and may also contain some sulphur. The gases released into the atmosphere when a fuel burns may include:

· carbon dioxide;

· water (vapour), which is an oxide of hydrogen;

· sulphur dioxide.

Other products of cracking can be used to make plastics (polymers) such as poly(ethene) and poly(propene). Poly(ethene) is used for making plastic bags and bottles. Poly(propene) is used for making crates and ropes.

Most plastics, including poly(ethene) and poly(propene), are not broken down by microorganisms. They are not biodegradable. This can lead to problems with waste disposal.

Candidates should be able, when provided with appropriate information, to evaluate the impact on the environment of burning hydrocarbon fuels and of plastic waste disposal.
--------------------------------------------------------------------------------------------------------------------

15.3 How was the Earth’s atmosphere formed?

For 200 million years the proportions of different gases in the atmosphere have been much the same as they are today:

· about four-fifths (80%) nitrogen;

· about one-fifth (20%) oxygen;

· small proportions of various other gases, including carbon dioxide, water vapour and noble gases.

During the first billion years of the Earth’s existence there was intense volcanic activity. 

This activity released the gases which then formed the early atmosphere and water vapour which condensed to form the oceans.

During this period the Earth’s atmosphere was probably mainly carbon dioxide and there would have been little or no oxygen gas (like the atmospheres of Mars and Venus today).

There would also have been water vapour and small proportions of methane and ammonia.

When plants evolved and successfully colonised most of the Earth’s surface:

· the atmosphere gradually became more and more “polluted” with oxygen. This meant that, gradually, there were fewer habitats suitable for microorganisms which could not tolerate oxygen;

· most of the carbon from the carbon dioxide in the air gradually became locked up in sedimentary rocks as carbonates and fossil fuels;

· the methane and ammonia in the atmosphere reacted with the oxygen;

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

15.4 Why have all mountains on Earth not worn away by now?

KS3 (prior learning)
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The Earth is nearly spherical and has a layered structure comprising:

· a thin crust;

· a mantle extending almost halfway to the Earth’s centre which has all the properties of a solid except that it can flow very slowly;

· a core, with just over half of the Earth’s radius, made of nickel and iron, the outer part of which is liquid and the inner part of which is solid.

The overall density of the Earth is much greater than the mean densities of the rocks which form the crust. This indicates that the interior of the Earth is made of material different from, and denser than, that of the crust.

At the surface of the Earth younger sedimentary rocks usually lie on top of older rocks. Sediments contain evidence for how they were deposited (e.g. layers formed by discontinuous deposition, ripple marks formed by currents or waves). Sedimentary rock layers are often found tilted, folded, fractured (faulted) and sometimes even turned upside down. This shows that the Earth’s crust is unstable and has been subjected to very large forces.

Large scale movements of the Earth’s crust can cause mountain ranges to form very slowly over millions of years. These replace older mountain ranges worn down by weathering and erosion.

Metamorphic rocks are associated with the Earth movements (tectonic activity) which created present-day and ancient mountain belts. They are evidence of the high temperatures and pressure created by these mountain-building processes.

The edges of land masses (continents) which are separated by thousands of kilometres of ocean (e.g. the east coast of South America and the west coast of Africa):

· have shapes which fit quite closely;

· have similar patterns of rocks and fossils.

This suggests that they were once part of a single land mass which has split and been moved apart.

The Earth’s lithosphere (the crust and the upper part of the mantle) is cracked into a number of large pieces (tectonic plates) which are constantly moving at relative speeds of a few centimetres per year as a result of convection currents within the Earth’s mantle driven by heat released by natural radioactive processes.

Earthquakes and/or volcanic eruptions occur at the boundaries between tectonic plates.

Candidates should be able, when provided with information about the complex probable causes of earthquakes and volcanic eruptions and the difficulty of making measurements of many of the factors involved, to explain why scientists cannot yet accurately predict when they will occur.

At one time it was believed that the major features of the Earth’s surface were the result of the shrinking of the crust as the Earth cooled down following its formation.

Candidates should be able, when provided with appropriate additional information, to explain why Wegener’s theory of crustal movement (continental drift) was not generally accepted until more than 50 years after it was proposed.

Where you can find help in your text book at home

Using Hill’s Foundation Science for GCSE (Double Award)

15.1 Why is limestone such a useful material?

· p149-150 Uses and properties of limestone
15.2 How can so many useful products be made from crude oil?

· p220-221 Introduction to crude oil

· p221-225 Fractional distillation

· p225-227 Cracking

· p227-229 Polymerisation

15.3 How was the Earth’s atmosphere formed?

· p206-208 Structure of the Earth

15.4 Why have all mountains on Earth not worn away by now?

· p209-210 Weathering of rocks

· p211-213 Types of rocks

· p214 The rock cycle

· p215-218 Plates and the movement of the land on Earth

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:

· Geology – all sections

· Changing materials – all sections

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:

· Alkanes

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.
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