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	Lesson No.
	Learning Outcomes

	1. Introduction to Fuels


	1. State that a fuel is a chemical which burns giving out energy

2. State that combustion is a reaction of a substance with oxygen, giving out energy

3. State the test for oxygen

4. State that the main components of air are oxygen and nitrogen in proportion of 1:4

5. State that an exothermic reaction is one in which energy is released

	2. Fossil Fuels


	1. State what is meant by finite resource and fuel crisis in relation to the amount of coal, oil and natural gas in the earth

2. State what is meant by a fossil fuel

3. Describe the formation of coal, oil and natural gas

	3. Burning Fossil Fuels
	1.   State that the chemical compounds which are found in oil and natural gas are mainly hydrocarbons

2. State that a hydrocarbon is a compound which contains hydrogen and carbon only

3. State the tests for carbon dioxide and water

4. State that hydrocarbons burn completely to produce only carbon dioxide and water

5. Explain why the production of carbon dioxide and water, on burning, indicates the presence of carbon and hydrogen in the original fuel

	3. Pollution
	1. Give examples of the pollution problems associated with oil and coal and explain their occurrence

2. State that carbon, and carbon monoxide, a poisonous gas, are produced when the hydrocarbons burn in a supply of oxygen which is insufficient for complete combustion

3. State that the burning of some fuels releases sulphur dioxide, a poisonous gas, to the atmosphere

4. State that removing sulphur compounds reduces air pollution

5. State that nitrogen and oxygen from the air react inside a car engine to form nitrogen oxides (poisonous gases)

6. State that lead compounds which are added to petrol cause pollution

7. State that air pollution from the burning of hydrocarbons can be reduced by special exhaust systems or by altering the fuel to air ratio

8. Explain that transition metal catalysts can convert the pollutant gases to harmless gases

9. Explain that decreasing the fuel to air ratio improves the efficiency of combustion thus decreasing pollution.

	4.  Fractional Distillation


	1.   State that crude oil is a mixture of compounds

2. State that substances have specific melting points and boiling points

3. State that a fraction is a group of compounds with boiling points within a given range

4. State that fractional distillation is the process used to separate crude oil into fractions

5. Explain why fractions can be separated by distillation

	5. Uses of Fractions


	1. Give examples of how the products of fractional distillation of crude oil can be used

2. State the typical ranges of chain length of the molecules in each fraction and relate this to their use

	6. Properties of Fractions


	1. State what is meant by:

· flammability

· viscosity

2. Describe how each of the following varies for fractions of different boiling points:

· evaporation

· flammability

· viscosity

3. Explain in terms of molecular size the change in each of the following:

· boiling point

· flammability

· viscosity


	Lesson No.
	Learning Outcomes

	1. The Alkanes
	6. State that the alkanes are a subset of the set of hydrocarbons

7. State what is meant by a homologous series

8. Identify an alkane from the -ane ending 

9. Explain that the alkane family is an example of a homologous series

10. State the name for each alkane up to octane

11. Give examples of uses of alkanes

12. For straight chain alkanes, (C1 to C8), work out the names from molecular formulae, shortened and full structural formulae

13. For straight chain alkanes (C1 to C8), construct full and shortened structural formulae and molecular formulae given the name

14. For alkanes, use the general formula to work out the molecular formulae

15. Derive a general formula for alkanes

	2. The Alkenes
	4. State that the alkenes are a subset of the set of hydrocarbons

5. Identify an alkene from the – ene ending

6. State the name for each alkene up to  hexene (isomers are not required, eg only butene is expected not but-1-ene, etc)

7. Explain that the alkene family is an example of a homologous series

8. For alkenes, (C1 to C6), work out names from molecular, shortened or full structural formulae

9. For alkenes, C1 to C6 construct full and shortened structural formulae and molecular formulae given the name

10. For alkenes, use a general formula to work out molecular formulae

11. Derive a general formula for alkenes

	3. The Cycloalkanes
	1.   State the name of each cycloalkane up to cyclohexane

2.   Explain that the cycloalkane family is an example of a homologous series

	4. Isomers
	10. State what is meant by isomers

11. For simple organic molecules, including alkanes, alkenes and clycloalkanes, construct appropriate isometric forms, given a molecular formula

	4.  Saturated and Unsaturated
	1.    State what is meant by a saturated hydrocarbon

2.   Explain that the alkanes are saturated hydrocarbons

3.   State what is meant by an unsaturated hydrocarbon

4.   Explain that the alkenes are a sub-set of the set of unsaturated hydrocarbons

5.   State that it is possible to distinguish an unsaturated hydrocarbon from a saturated hydrocarbon using bromine (solution)

	5. Addition Reactions
	3. State the name of the alkane formed by the reaction of an alkene with hydrogen

4. State what is meant by an addition reaction

5. Explain that the reactions of alkenes with bromine and hydrogen are addition reactions

	6. Cracking
	4. State that fractional distillation of crude oil yields more long chain hydrocarbons than are useful for present-day industrial purposes

5. State that cracking is an industrial method for producing smaller, more useful molecules

6. State that the catalyst allows the reaction to take place at a lower temperature

7. State that the cracking produces smaller hydrocarbons, some of which are unsaturated

8. Explain why cracking produces a mixture of saturated and unsaturated products.

	7. Balanced Equations
	


Fuels
A fuel is a chemical which burns giving out energy. This is an example of an exothermic reaction.

Another name for burning is combustion.  Burning a fuel requires oxygen.  The test for oxygen is that it relights a glowing splint.

Air only contains about 20 % oxygen.  This is not enough to give a positive result to the glowing splint test.

Experiment


The Burning of Fuels

Aim
To observe the exothermic reaction when carbon ‘burns’ in oxygen.

Method
Results

The word equation for the reaction:

The chemical equation for the reaction:
Fossil Fuels

Fossil fuels are formed from something that was once living and burn to give us lots of energy, they are finite resources. ie. they are limited in amount and cannot be replaced.
Overuse of fuels may lead to a fuel crisis.

	Fuel


	Estimated Supply Remaining

	Coal

Oil

Gas
	


Alternative energy sources that will not run out include the following:

______________________________________________________

______________________________________________________

Formation of Fossil Fuels

The three fossil fuels are oil, coal and gas.

Answer the following questions:

1.
When were oil, gas and coal formed?


________________________________________________

2.
Where were they formed?


__Coal -____________________________________________


__Oil - ____________________________________________

3.
What were they formed from?


_Coal -___________________________________________


_Oil -___________________________________________

4.
How were they formed?


_Coal -___________________________________________


________________________________________________


________________________________________________


_Oil -___________________________________________


________________________________________________

________________________________________________
Burning Fossil Fuels-Products of Combustion
The fossil fuels are mainly hydrocarbons (molecules containing hydrogen and carbon only).  When they burn they give out energy.

Aim
To identify the other products of combustion of a hydrocarbon

Method


Results


Conclusions


Pollution from Fossil Fuels

A.Carbon and Carbon Monoxide

When hydrocarbons burn in a plentiful supply of oxygen, water and carbon dioxide are the only products. However, if the supply of oxygen is limited, carbon and carbon monoxide, a poisonous gas, are produced.  This is known as incomplete combustion.
Equations :-

B.Sulphur Dioxide and Acid Rain

Most fossil fuels contain small amounts of sulphur.  When the fuel burns, the sulphur combines with oxygen to produce sulphur dioxide.  Sulphur dioxide is a poisonous gas.  It can dissolve in moisture in the air to produce acid rain.
· Removing sulphur and sulphur-containing compounds reduces air pollution.

C.Car Engines and Pollution

Nitrogen and oxygen from the air react inside a car engine to form nitrogen oxides.  These are toxic gases that also dissolve in moisture in the air to contribute to acid rain.

The burning of hydrocarbons in a car engine can also cause air pollution if the fuel undergoes incomplete combustion producing carbon and carbon monoxide.  

· This can be reduced by lowering the fuel to air ratio to ensure that there is enough oxygen for complete combustion to take place.

· The catalytic converter in a car is a special exhaust system that uses transition metals (like Platinum or Rhodium) as catalysts.  These catalysts convert pollutant gases such as carbon monoxide and nitrogen oxides to less harmful gases such as carbon dioxide and nitrogen. 
Lead compounds were added to petrol in the past.  This caused pollution as lead is a toxic metal.

· Unleaded petrol is now used as it is less pollutant and the presence of lead would cause the catalyst in the catalytic converter to become poisoned and render it useless.

Crude Oil

Crude oil is a black, sticky liquid which contains a mixture of valuable chemicals. These chemicals are called hydrocarbons
Hydrocarbons are compounds that contain carbon and hydrogen only
The hydrocarbons in crude oil have to be separated into FRACTIONS because each has a different use.

This separation is done by Fractional Distillation.

Distillation allows us to separate chemicals based on the fact that they have different boiling points. A fraction is a group of molecules of similar size with similar boiling points,

Distillation involves 2 changes of state: 
Evaporation :

Condensation.
See Fractions From Oil cut out

Properties of the Fractions
Fractions from Oil


[image: image1]
Properties of the Fractions

The different fractions from crude oil have different properties because they contain hydrocarbons of different size
The smallest fractions boil off first and are collected from the top of the column.
There are 2 further properties of the fractions that we must consider
Viscosity - this is a measure of how thick a liquid is:
 As the forces of attraction between molecules increase, the liquid becomes less runny and more viscous.
The fractions with the bigger molecules have the higher viscosity
The bigger molecules are long chains which get tangled together and cannot flow easily.
Flammability – this is a measure of how easily a substance catches fire:
The small hydrocarbons are more flammable than the larger molecules because they can react more quickly with the oxygen in the air.
As the small hydrocarbons are also less viscous, they catch fire more easily.

The Alkanes

The simplest series of hydrocarbons is The Alkanes.

	Name
	Molecular

Formula
	Structural Formula
	Shortened Structural Formula

	Methane
	
	
	

	Ethane


	
	
	

	Propane


	
	
	

	Butane
	
	
	

	Pentane
	
	
	

	Hexane
	
	
	


· The alkanes are a homologous series of hydrocarbons.

· They can be represented by the general formula CnH2n+2
· The alkane names all end in –ane.
The Alkenes

	Name
	Molecular

Formula
	Structural Formula
	Shortened Structural Formula

	Ethene


	
	
	

	Propene


	
	
	

	Butene


	
	
	

	Pentene


	
	
	

	Hexene


	
	
	


· The alkenes are another homologous series of hydrocarbons represented by the general formula CnH2n
· The alkene names all end in –ene and the start of the name is based on the corresponding alkane. All the alkenes contain one carbon to carbon double bond (C=C) in their structure.
The Cycloakanes

	Name
	Formula
	Structural Formula

	Cyclopropane


	
	

	Cyclobutane


	
	

	Cyclopentane


	
	

	Cylohexane


	
	


· The cycloalkanes are a homologous series of hydrocarbons

· They can be represented by the general formula CnH2n
· The names all start in cyclo- and the end of the name is based on the corresponding alkane

· The structure of the cycloalkanes is a ring of carbon atoms

Homologous Series
The alkanes, alkenes and cycloalkanes are examples of chemical families or series of hydrocarbons.

Chemical families like these are called homologous series.
Members of the same homologous series:

· Share a general formula
alkanes are CnH2n+2, alkenes and cycloalkanes are CnH2n
· Have similar chemical properties
e.g. all burn to produce carbon dioxide and water only

· Show a gradual change in physical properties
e.g. boiling point and flammability both increase with increasing numbers of carbons
Isomers

Isomers are molecules which have the SAME MOLECULAR FORMULA but DIFFERENT STRUCTURAL FORMULA.

E.g. butane has the molecular formula C4H10 but it can have two different structures

Isomers can also come from different homologous series.

E.g.
propene has the molecular formula _______________


cyclopropane has the molecular formula ______________


their structural formulae are:



propene



cyclopropane 
Many other pairs of isomers must exist e.g. hexene and _______________
Saturated and Unsaturated

A saturated hydrocarbon has only single covalent bonds between carbon atoms

An unsaturated hydrocarbon has at least one double bond between 2 carbon atoms

The alkanes and cycloalkanes are saturated hydrocarbons.
The alkenes are unsaturated hydrocarbons

The Test for Unsaturation

Aim

To test for unsaturation in hydrocarbons
Method
 
Results

	Hydrocarbon Tested
	Observations

	
	

	
	

	
	

	
	


Conclusion


Addition Reactions

Alkenes react very quickly with red-brown bromine solution to form a new, colourless compound containing C, H and Br.  (called a HALOGENOALKANE)
Equation using molecular formulae

Equation using structural formulae

Reactions between alkenes and hydrogen or bromine are called addition reactions. The reacting molecule MUST attach to the carbons of the double bond.
Hydrogen can also add to alkenes to form the corresponding alkane. 

Complete the following equations:
a)
C2H4

+
H2  

(  



ethene
+   hydrogen

(  


b)

 
+
H2

(  
C4H10



 
+   hydrogen

(  
butane

c)
cyclohexene
+    hydrogen

(  
cyclohexane

 
+   


(  

Cracking Hydrocarbons

The table below shows the approximate percentage of the different fractions in crude oil, and the demand for them.

	Fraction
	Approximate percentage in

	
	Crude oil
	Everyday demand

	Fuel gas

Petrol

Naphtha

Kerosene

Diesel

Fuel oil, bitumen
	2

7

10

12

19

50
	5

22

5

9

24

35


Use this information to plot a bar graph. (stick graph below)
The demand is greater than the supply of the shorter chain hydrocarbon fraction.

Cracking Hydrocarbons

Fractional distillation of crude oil generally produces more long chain hydrocarbons than are needed by industry.

Chemists have developed a way of turning the long chain molecules into shorter, more useful molecules.
This process is called catalytic cracking.  The catalyst is used to allow the reaction to be carried out at a lower temperature, making the process more economical because it uses less energy.
Aim

To crack a long chain alkane into smaller, more useful fractions.

Method
The aluminium oxide catalyst is heated and the alkane is vapourised and passed over the catalyst.  The gas is collected and tested with bromine solution.

Results

Conclusions


The Products of Cracking

Why does cracking produce a mixture of alkanes and alkenes?

Consider the cracking of propane.  One of the products is methane, what is the other product?


C3H8

(
CH4

+


        propane
       methane

When an alkane breaks, there are not enough hydrogens to produce two alkanes and so one of the products is unsaturated – contains a carbon to carbon double bond.

As nothing is added or removed, the same number of hydrogens and carbons must appear on each side of the equation.

Complete the following equations for cracking:
C5H12


(
C3H8

+
__________

C10H22


(
C2H4

+
__________

________

(
C6H14

+
C3H6

Balancing Chemical Equations

· A balanced chemical equation is needed in order to carry out calculations, e.g. to predict the mass of production in a reaction.

· A chemical equation is said to be balanced when there are equal numbers of each type of atom on both sides of the equation.  This is logical since atoms are not made or destroyed during chemical reactions.  All of the atoms which were present in the reactants are still present in the products.

· Equations should only be balanced by putting numbers, as required, in front of formulae.  Formulae must not be altered in any way when balancing equations.

· It is usually advisable to start with the first element on the left hand side and to continue methodically through the equation.  Carry out a final check to make sure you have not unbalanced any elements.

Example 

In the complete combustion of methane, methane and oxygen react to produce carbon dioxide and water.  The word equation for the reaction is:

Methane + Oxygen ( Carbon Dioxide + Water

Writing formulae in place of the names of the reactants and products gives the unbalanced formulae equation:

CH
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Although there is one carbon atom on both sides of the equation, there are four hydrogen atoms on the left, but only two on the right.  There are also two oxygen atoms on the left, but three on the right.  This can be seen more clearly if full structural formulae are used:

                           H
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Left:

H  atoms  4



Right:

H   atoms  2



C   atoms  1





C   atoms   1



O  atoms  2





O   atoms  3


The four hydrogen atoms in the methane molecule will produce two water molecules, each containing two hydrogen atoms.  Two oxygen molecules will be required to provide the four oxygen atoms that are present in the products:

                    H
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The balanced equation can now be written as:

CH
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Exercise 6.1                   Word Equations
Write each of the following chemical reactions in the form of word equations.

a)
Hydrogen joins up with oxygen to make water.

b)
Carbon dioxide and water vapour are produced when methane gas reacts with oxygen.

c)
Iron metal is formed when iron oxide is heated with carbon monoxide. Carbon dioxide is also formed.

d)
In a car engine petrol reacts with oxygen to form carbon dioxide and water vapour.

e)
The reaction of dilute hydrochloric acid with calcium carbonate produces calcium chloride, carbon dioxide and water vapour.

f)
Silver oxide breaks up when heated to form the elements.

g)
Ammonium sulphate is a fertilizer produced by the reaction of ammonia with dilute sulphuric acid.
Exercise 6.2                   State Symbols           

Write the formula equations including state symbols for each of the following reactions.

a)
The reaction of carbon powder with oxygen gas to form carbon dioxide gas:

b)
The reaction of zinc metal with copper (II) sulphate solution to form copper metal and zinc (II) sulphate solution;

c)
The reaction of magnesium metal with oxygen gas to form magnesium oxide powder;

d)
The reaction of sodium metal with waste to form sodium hydroxide solution and hydrogen gas;

e)
The reaction of barium chloride solution with sodium sulphate solution to form solid barium sulphate and sodium chloride solution.

Exercise 6.3        Equations Using Symbols and Formulae
Use symbols and formulae to write a chemical equation for each of the following reactions.

a)
Carbon monoxide
+
Oxygen
(
Carbon dioxide

b)
Sulphur

+
Oxygen
(
Sulphur dioxide

c)
Carbon

+
Oxygen
(
Carbon monoxide

d)
Carbon

+
Steam
(
Carbon monoxide
+   Hydrogen

e)
Carbon

+
Chlorine
(
Carbon tetrachloride

f)
Methane (CH
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)
+
Oxygen
(
Carbon dioxide
+
Water

g)
Ethane (C
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H
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)
+
Oxygen
(
Carbon dioxide
+
Water

h)
Nitrogen hydride
+
Oxygen
(
Nitrogen
+
Water

Exercise 6.4

Balanced Chemical Equations

a)
H
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+
Cl
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(
HCl

b)
N
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+
O
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(
NO
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c)
P

+
Cl
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(
PCl
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d)
C
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O
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e)
H
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f)



HBr

(
H
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g)



NH
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h)
NH
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H
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C
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