THIRD YEAR SCHEME OF WORK

The third year course is a continuation of work carried out in the first and second years and assumes that topics 1-11 have been completed. The scheme begins with topic 13 to avoid re-numbering material used in the old scheme of work. Most of the work covered this year is from the Key Stage 4 Programme of Study and therefore forms the start of the GCSE course. Students should be aware that material covered in the third year will be assessed in the GCSE examination and it is therefore very important that their notes in a safe place.

TOPIC 3.1
REACTIVITY SERIES OF THE METALS

The order of reactivity of some common metals should be established from experimental evidence. Elements to be include are K, Na, Ca, Mg, Al, Zn, Fe, Pb and Cu.

Students should know :

The elements in Group 1 of the periodic table (known as the alkali metals) form hydroxides which dissolve in water to give alkaline solutions. When a piece of lithium, sodium or potassium is placed in cold water the metal floats, may melt and moves around the surface of the water. The metal reacts with the water to form a metal hydroxide solution and hydrogen gas. The more reactive the metal, the more vigorous is the reaction with water.

Possible experiments include :-

a) Metals + water.

b) Metals + steam.

c) Metals + dilute acids.

d) Displacement reactions of metals from solutions.

Students should then be able to put other metals into the reactivity series on the basis of information they are given. They should also be able to predict the reactions of other metals given their position on the reactivity series. The thermal decomposition of  compounds should be looked at in relation to the reactivity series of the metals.

e) Thermal decomposition of carbonates.

f) Thermal decomposition of nitrates.

Knowledge of the reactivity series can then be applied to looking at competition reactions.

g) Heating metal oxides with hydrogen.

h) Burning magnesium in carbon dioxide.

i) Thermit reaction.

j) Competition between metals and hydrogen for oxygen.

These experiments will allow the elements hydrogen and carbon to be positioned in the reactivity series.

The blast furnace should be covered in detail (including equations) together with the manufacture of steel.

Students should know the following :

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

· The solid raw materials used in the blast furnace are iron ore, coke and limestone.

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

· 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.

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

· Molten iron from the blast furnace is mixed with recycled scrap iron and pure oxygen is passed into the mixture.

· The non metal impurities are converted into acidic oxides.

· Calcium carbonate is then added to remove the acidic impurities.

· These reactions produce pure iron.

· Calculated quantities of carbon and/or other elements are then added to make a wide range of steels with particular properties.

· Steels are alloys since they are mixtures of iron with other metals or with carbon.

· The addition of small quantities of other metals or carbon alters the properties of iron.

· High carbon steel is strong but brittle.

· Low carbon steel is soft and easily shaped.

· Mild steel is easily pressed into shape.

· Stainless steel containing chromium and nickel is hard and resistant to corrosion.

Topic 3.1 test to follow

TOPIC 3.2
FURTHER AQUEOUS CHEMISTRY

Students should know the following :-

· Water is the most abundant substance on the surface of our planet and is essential for all life.

· Water in rivers, lakes and the oceans is evaporated by the heat of the sun. The water vapour formed rises into the atmosphere and forms clouds. The clouds cool as they rise further and produce rain. This is known as the water cycle. 

· Water is an important raw material and has many uses. It is used as a solvent and a coolant. It is used in many industrial processes including the manufacture of sulphuric acid.

· Many compounds dissolve in water while many other compounds react with water to produce acidic or alkaline solutions.

· Soft water readily forms a lather with soap.

· Hard water does not easily form lather with soap.

· Hard water contains dissolved compounds that react with soap to form scum.

· Most hard water contains dissolved calcium or magnesium compounds.

· The hard water is formed when natural waters flow over ground or rocks containing calcium or magnesium compounds.

· Hard water contains dissolved compounds that are good for health. Hard water often provides calcium compounds that help the development of strong bones and teeth and help to reduce heart illness.

· Using hard water can increase costs because more soap is needed and hard water often leads to deposits (scale) forming in heating systems and kettles.

· Hard water can be made soft by removing the dissolved calcium and magnesium ions.

· The addition of sodium carbonate solution precipitates out calcium carbonate or magnesium carbonate. Ion exchange columns contain hydrogen ions or sodium ions which replace calcium and magnesium ions when hard water passes down the column.

· Distillation of hard water leaves all dissolved compounds behind and produces pure water.

· Pure water freezes at 0oC and boils at 100oC. The boiling point of water is used as a test for the purity of water.

· Water turns anhydrous copper sulphate white to blue and cobalt chloride paper from blue to pink. These reactions give a test for the presence of water.

· Drinking water is treated by passing water through filter beds to remove solid particles and then chlorine is added to kill bacteria.

· Many gases are soluble in water.

· Carbonated water is produced by dissolving carbon dioxide under high pressure.  When the pressure is released the gas bubbles out of the solution.  Carbonated water is used in fizzy drinks.

· Dissolved oxygen is essential for aquatic life.

· Hot water from power stations may be discharged into rivers or lakes.  This discharge reduces the amount of oxygen dissolved in the water and this can damage aquatic life.

· Chlorine water is made by dissolving chlorine gas in water.  Chlorine water is used to bleach materials and kill bacteria.

· The use of artificial fertilizers results in many natural waters being contaminated with dissolved nitrate and ammonium ions.  Dissolved nitrate ions can have harmful effects on babies and so the levels of nitrate are carefully monitored.

· Most ionic compounds are soluble in water.  Most covalent compounds are insoluble in water.  The solubility of a solute in water, or any other solvent, is usually given in grams of solute per 100 grams of water (or solvent) at that temperature.

· The solubility of most solutes increases as the temperature increases.

· A saturated solution is one in which no more solute will dissolve at that temperature.  

· When a hot saturated solution cools some of the solute will separate from the solution.

At the end of this topic our students will be able to :- 

a) Draw solubility curves from given information; 

b) Interpret solubility curves;

c) Use solubility curves to explain crystallisation.

Possible experiments include :-

a) Types of water hardness.

b) The ions which cause water hardness.

c) Solubility curve for potassium chlorate.

Topic 3.2 test to follow

TOPIC 3.3
THE ROCK CYCLE

Students should be able to understand and interpret a diagram of the rock cycle.

Students should know the following :-

· 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.

· Sediments contain evidence of how they were deposited (e.g. layers formed by discontinuous deposition, ripple marks formed by currents or waves).

· At the surface of the Earth younger sedimentary rocks usually lie on top of older rocks.

· 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.

Useful products from rocks

· 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 quicklime (calcium oxide) is produced.

· 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).

Possible experiments include :-

a) identification of rock types.

b) comparison of sedimentary and metamorphic rocks. (making bricks from clay)

c) marble chip experiment.

d) malachite investigation.

Topic 3.3 test to follow

TOPIC 3.4
ACIDS, BASES AND SALTS

This topic should start with revision of the work covered in the first year on acids and alkalis in topic 1.4.

Students should know the following :-

· Acids dissolve in water and the resulting solution contains hydrogen ions, H+(aq).

· Alkalis dissolve in water and the resulting solution contains hydroxide ions, OH-(aq).

· When neutralisation occurs between acids and alkalis, hydrogen ions react with hydroxide ions forming water molecules.

· H+(aq) + OH-(aq)  (  H2O(l)

· Most metal oxides and hydroxides are insoluble in water but can neutralise acids to produce salts and water.  All metal oxides and hydroxides are known as bases:

· acid + base  (   salt + water

· Metal carbonates and hydrogen carbonates react with acids to produce salts.  Carbon dioxide and water are also produced:

· acid + (hydrogen) carbonate  (  salt + water + carbon dioxide

There are several general methods of producing salts:

· reaction of a metal with an acid;

· reaction of an insoluble base with an acid;

· reaction of a soluble base with an acid;

· by mixing two solutions to form an insoluble salt (precipitation)

· by direct combination of the elements.
Our students should be able to give practical details of salt preparations based on each of these general methods.

Possible experiments include :-

a)  Reactions of acids.

b)  Reactions of bases.

c)  Making soluble salts.

d)  Making insoluble salts.

Topic 3.4 test to follow.

TOPIC 3.5  DETECTION AND IDENTIFICATION

Students should know the following :-

A range of chemical tests can be used for the detection and identification of elements and compounds.

Lithium, sodium, potassium, calcium and barium compounds can be detected by their distinctive colours in flame tests. 

Carbonates react with dilute acids to form carbon dioxide. Copper carbonate and zinc carbonate can be identified by their distinctive colour changes during thermal decomposition.

Aluminium, calcium and magnesium ions form white precipitates with sodium hydroxide solution but only the aluminium hydroxide precipitate dissolves in excess sodium hydroxide solution. Copper (II), iron(II) and iron(III) ions form coloured precipitates with sodium hydroxide solution.

Chloride ions in solution produce a white precipitate with silver nitrate solution in the presence of dilute nitric acid.

Sulphate ions in solution produce a white precipitate with barium chloride solution in the presence of dilute hydrochloric acid.

Elements and compounds can also be detected and identified using a variety of instrumental methods. Some instrumental methods are suited to identify elements while other instrumental methods are suited to the identification of compounds. Instrumental methods are accurate, sensitive and rapid. These methods are particularly useful when the amount of a sample is very small.

Topic 3.5 test to follow.

End of year test to follow.

