
KHS Nov 2003 page   1

Hydrocarbons & Fuels Unit 2 Section 5

Higher

Higher Chemistry
Unit 2:  The World of Carbon

Section 5:

Hydrocarbons & Fuels
Student:

1. Branched Alkanes

2. Shortened Structural Formulae
3. Branched Alkenes

 Check Test    Score:  /   
 Home Practice   Score:  / 

5.1
Alkanes &
Alkenes

1. Reacting With Hydrogen

2. Reacting With Halogens
3. Reacting With Hydrogen Halides

 Check Test    Score:  /   
 Home Practice   Score:  / 

5.2
Alkene
Reactions

1. Looking at Ethyne

2. Structures & Names
3. Addition Reactions

 Check Test    Score:  /   
 Home Practice   Score:  / 

5.3
Alkyne
Family

1. Halogeno Compounds

2.	 Chlorofluorocarbons,	CFCs
3. The Ozone Problem

 Check Test    Score:  /   
 Home Practice   Score:  / 

5.4
Halogen
Derivatives

1. Aromatic Structures

2. Aromatic Properties
3. Products from Aromatic Hydrocarbons

 Check Test    Score:  /   
 Home Practice   Score:  / 

5.5
Aromatic
Hydrocarbons

1. Petrol Engines

2. Octane Number
3. Petrol Production

 Check Test    Score:  /   
 Home Practice   Score:  / 

5.6
Petrol

1. Biofuels

2. Hydrogen Economy
3. Fuel Cells

 Check Test    Score:  /   
 Home Practice   Score:  / 

5.7
Alternative 
Fuels

 Consolidation A   Score:  / 

 Consolidation B   Score:  / 
 Consolidation C   Score:  / 

 Consolidation D   Score:  / 

Consolidation
Work

End-of-Section
Assessment

Score:

%
Grade:

Lesson Activities Done Checked



KHS Nov 2003 page   2

Hydrocarbons & Fuels Unit 2 Section 5

Higher

5.1 Alkanes & Alkenes

Branched Alkanes

This first topic examines alkane and alkene structures where side branches may be involved 
and a system for naming such molecules

This activity deals with how to name branched alkanes using 
systematic names, i.e. names that follow a very definite system 
which is based on the structure of the molecule.

In a straight-chain hydrocarbon,	all	the	carbon atoms in the 
molecule are linked one after the other in a single continuous 
chain.

In a branched-chain hydrocarbon,	the	molecule	has	one	or	
mor side chains of carbon atoms coming from the main chain.

Because of branchin,	it	is	possible	to	have	different structural
arrangements for the same molecular formula. Butane,	C4H10,	
has two different structures called isomers. Clearly both of 
them	cannot	have exactly the same name.

	 	 H	 	 H	 	 H	 	 H	 	
	 	 	|	 	 	|	 	 	|	 	 	|	
H	 —	C	 —	C	 —	C	 —	C	 —	H	
	 	 	|	 	 	|	 	 	|	 	 |	
	 	 H	 	 H	 	 H	 	 H

	 	 H	 	 H	 	 H	 	 	
	 	 	|	 	 	|	 	 	|	 	 		
H	 —	C	 —	C	 —	C	 —	H	
	 	 	|	 	 		 	 	|	 	 	
	 	 H	 	 	 	 H	
	 	 	 H	 C	 H	
	 	 	 	 	|	
	 	 	 	 H	 	

Naming Rules for Alkanes

1. The longest chain	defines	the	main	chain	and	the	last	part	of	the	name

2. Numbering	of	the	main	chain	starts	from	the	end	that	gives	the	lower	overall	number	positions	for		
 side branches

3. Side branch names end in ‘-yl’ and depend on the number of carbon atoms in them:  methyl for 
	 1	carbon,	ethyl 	for	2	carbon	atoms,	propyl for	3	carbon	atoms,	etc.

4. Alphabetical order is used if different side branches appear in the same structure (ethyl before methyl).

5. Hyphens are used before or after numbers that come next to letters within a name (2-ethyl-3-methyl..)

6. Commas	are	used	between	numbers	showing	more	than	one	of	the	same	side	branch	(2,2,3-trimethyl..)
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      This activity is about writing and using shortened 
      structural formulae for alkanes 

Shortened Structural 
Formulae

Systematic name Full Structural formula

3-methylpentane

4,4-dimethyloctane

3-ethyl-2-methylheptane

Systematic Name Shortened Structural Formula

3-methylpentane

2,4-dimethylhexane

Full Structural Formula Shortened Structural Formula
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Shortened Structural Formula Systematic Name
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Branched Alkenes This activity considers how to use systematic names to indicate 
both the positions of side branches and the position of the 
double bond in the alkene structure.

	 There	are	even	more	isomers possible in the alkene 
 family.  Again there are straight-chain alkenes and  
 branched-chain alkenes.

	 In	addition,	it	is	possible	to	change	the	position of the  
 double bond	to	introduce	even	more	different structural  
 formulae.	 	 H	 	 	 	 H	

	 	 	|	 	 		 	 	|	
H	 —	C	 =	 C	 —	C	 —	H	
	 	 		 	 		 	 	|	 	 	
	 	 	 	 	 	 H	
	 	 H	 —	C	 —	H	
	 	 	 	 	|	
	 	 	 	 H

	 	 H	 	 H	 	 H	 	 H	
	 	 	|	 	 	|	 	 	|	 	 	|	
H	 —	C	 —	C	 =	 C	 —	C	 —	H	
	 	 	|	 	 		 	 	 	 	|	 	 	
	 	 H	 	 	 	 	 	 H

	 	 H	 	 H	 	 H	 	 H	
	 	 	|	 	 	|	 	 	|	 	 	|	
H	 —	C	 —	C	 —	C	 =	 C	 —	H	
	 	 	|	 	 	|	 	 	
	 	 H	 	 H

but-1-ene

Branched Alkene Structures
Name:

Full
Structural
Formula:

Shortened
Structural Formula:

Name:

Full
Structural
Formula:

Shortened
Structural Formula:

Name:

Full
Structural
Formula:

Shortened
Structural Formula:

5-methyloct-2-ene
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5.2 Alkene Reactions

Reacting With
Hydrogen

This second topic considers some reactions of alkenes that take place at the double bond and 
how to apply systematic naming to the product molecules.

This activity looks at the reaction of alkene molecules with 
hydrogen in terms of structures and systematic names.

All alkenes	contain	C	=	C,	(‘a carbon to carbon double bond’) 
and this makes them all react or function in the same way. This 
part of the molecule is known as the functional group.

A double bond is formed when the same two atoms share two 
pairs of electrons between them.

   H  H  H
   |  |  |
   C = C —   C  — H
   |    |
   H    H

During cracking small alkene molecules are formed and they are important feedstocks,	
(starting	materials),	for	a	wide	range	of	other	useful	products.

Hydrogenation	involves	reacting	alkenes with hydrogen under high pressure,	at	high 
temperatures in the presence of a nickel catalyst. Small-molecule alkanes suitable for use 
in petrol are obtained.

	 For	example,	2-methylbut-1-ene	reacts	with	hydrogen	as	follows:
Equation using systematic names:

 2-methylbut-1-ene  + hydrogen  →  2-methylbutane

Equation using full structural formulae:

Equation using shortened structural formulae:

The alkene is described as unsaturated because it contains a C = C double	bond,	whereas	
the alkane produced is saturated because it contains only C — C single bonds. The two 
hydrogen	atoms	have	added	themselves	onto	the	alkene	molecule across the double bond.

One of the bonds in the double bond has broken,	allowing	the	two	carbon	atoms	to	form	
two new bonds with the two hydrogen atoms.

  An addition reaction takes place when a small molecule adds on to an 
   unsaturated molecule to form a single product molecule.
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Reacting With
Halogens

This activity looks at the reactions of alkene molecules with 
halogens in terms of structures and systematic names.

Molecules other than hydrogen can also add on	to	alkenes.	The	halogens,		F2	,	 Cl2		,		Br2 
and I2  (Group 7	elements),	add on readily without any need for a catalyst.

 Example 1
Equation using full structural formulae:

     +    →  

Equation using shortened structural formulae:

 CH3CH = CH2  + Cl2  →  

Equation using systematic names:

     +   →  

 Example 2
Equation using full structural formulae:

     +   →  

Equation using shortened structural formulae:

     +   →  

Equation using systematic names:

     + bromine →  

The alkenes are described as unsaturated because they contains a C = C double	bond,	
whereas the products are saturated because they contains only C — C single	bonds,	and	
their names end in -ane	to	show	this.	The	two	halogen	atoms	have	added	themselves	onto	
the alkene molecule across the double bond.

One of the bonds in the double bond has broken,	allowing	the	two	carbon	atoms	to	form	
two new bonds with the two halogen atoms.
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 Example 3 , Octene
Equation using full structural formulae:

     +    →  

Equation using shortened structural formulae:

     +    →  

Equation using systematic names:

     + bromine  →  

Bromine molecules are reddy-brown in colour ( more yellow-brown in solution) but when 
the bromine atoms separate	the	colour	goes,	we	say	it	has	become	decolourised. The rapid 
decolourisation of bromine is the test for unsaturation. Any molecule which contains a 
C = C double bond will be able to decolourise bromine immediately.

Reacting With
Hydrogen Halides

This activity looks at the reactions of alkene molecules with 
hydrogen halides in terms of structures and systematic names.

Other molecules that can add across a double bond are the hydrogen halides,	HX	(where
X	=	F	,	Cl,	Br	and	I	).	Two	different products	are	often	possible,	depending	on	the	position 
of the double bond. The hydrogen atom usually adds on to the carbon atom which
already has more hydrogen atoms.

 Example 1
Equation using full structural formulae:

     + H — Cl  →  

Equation using shortened structural formulae:

     +    →  

Equation using systematic names:

     + hydrogen  →      
      chloride

	 	 H	 	 H	 	 H	 	 H	
	 	 	|	 	 	|	 	 	|	 	 	|	
H	 —	C	 —	C	 =	 C	 —	C	 —	H	
	 	 	|	 	 		 	 	 	 	|	 	 	
	 	 H	 	 	 	 	 	 H
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 Example 2
Equation using full structural formulae:

     +    →  

Equation using shortened structural formulae:

     +    →     CH3CH2CH2CH I CH3

Equation using systematic names:

  pent-1-ene  + hydrogen  →  
         iodide

The alkenes are described as unsaturated because they contains a C = C double	bond,	
whereas the products are saturated because they contains only C — C single	bonds,	and	
their names end in -ane	to	show	this.	The	hydrogen	atom	and	the	halogen	atom	have	
added	themselves	onto	the	alkene	molecule across the double bond.

Reacting With
Water

This activity looks at the reactions of alkene molecules with 
water in terms of structures.

Another molecule that can add across a double bond	is	water,	H2O. The product of this 
reaction is an alkanol,	and	this	is	an	important	industrial process. More details of this 
addition	reaction,	also	called	Hydration,	will	be	provided	in	the	next	Section.	

Equation using full structural formulae:

     + H — O — H  →  

Equation using shortened structural formulae:

     +    →  

Equation using systematic names:

  ethene  + water  	 →  
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5.3 Alkyne Family

Looking At Ethyne

This next topic is about the alkyne family of hydrocarbons, their names and structures, and 
how they can undergo addition reactions

This activity looks at the structure and properties of ethyne, the 
simplest member of the alkyne series

An alkyne is a hydrocarbon in which there is a triple bond 
between a pair of carbon atoms in the molecule.

  A triple bond is formed when two carbon   
  atoms decide to share three pairs of electrons.

  Ethyne	is	the	first	(smallest)	member	of	the		 	
  alkyne series.  It’s old name is acetylene and is  
	 	 used,	mixed	with	oxygen,	to	produce	very	hot		
flames that can cut through steel - oxy-acetylene torches.

H — C ≡ C — H

C C HH

Ethyne can be made by reacting
calcium carbide with water.

  +      →       +

Ethyne is only slightly soluble in water
so it can collected by bubbling it through
water.

Property Observation

appearance

solubility

burning

reaction with 
bromine

Structures & Names This activity is about the structures and systematic names of 
alkyne molecules.

The alkynes form a series of similar molecules - a homologous series.
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  H     H
   |       |
H — C — C — C ≡ C — H
   |       |
  H     H C4 H

But-1-yne is the third member of the alkyne series.
It reacts like other members of the alkynes because it 
contains a triple bond - this is the functional group.

Each	member	of	the	series	differs	from	the	previous	
member by a constant amount - CH2 - so a General 
Formula can be written:-

      Cn Hbut-1-yne

Branched Alkyne Structures
Name:

Full
Structural
Formula:

Shortened
Structural Formula:

Name:

Full
Structural
Formula:

Shortened
Structural Formula:

Name:

Full
Structural
Formula:

Shortened
Structural Formula:

4-methylpent-2-yne

The	‘normal	rules’	apply,	but	the	main chain must include the triple bond.

Th position of the triple bond	is	shown,	as	with	the	alkenes,	by	inserting	a	number before 
the ending -yne.  Number from the end nearest	the	first	carbon	of	the	triple bond.

The same numbering order is used to show the position of side chains which are listed in 
alphabetical	order,	as	usual.	

C

C

CCC

CC

C

C

HH

H

H

H
H

H
HH

H
H

H

H

H

H

C

C H

CHH 2C

C H 2CH

H 3C

H 3C

C H 3H 2C
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Addition
Reactions

This activity looks at some addition reactions of alkynes and 
how these can take place in two stages

Because alkynes are unsaturated hydrocarbons,	they	are	able	to	undergo	addition 
reactions.  The addition reaction will occur in two stages.

 Example 1
Equation using full structural formulae:

Stage 1     +    →  

Stage 2     +    →  

Equation using shortened structural formulae:

 CH3C ≡ CCH3  +  Cl2  →  

Equation using systematic names:

     +    →  

 Example 2
Equation using full structural formulae:

Stage 1     +    →  

Stage 2     +    →  

Equation using shortened structural formulae:

     +    →  

Equation using systematic names:

  propyne  +   →	 					1,1,2,2-tetrachloropropane

If only one mole of the halogen	is	available,	then	addition will bring the triple bond down 
to a double bond - the product will still be unsaturated.  If two moles of halogen is used 
then	the	final	product	will	be	saturated - contain C—C single bond only.

Hydrogen	will	convert	alkynes to alkenes or all the way to alkanes - Hydrogenation.
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5.4 Halogen Derivatives

Halogeno Compounds

This lesson topic considers the structures, names, uses and environmental problems associ-
ated with some of the halogen derivatives of alkanes and alkenes

This activity considers some examples of halogenoalkanes 
and halogenoalkenes

Alkane	molecules	which	have	had	one	or	more	hydrogen atoms replaced by one or more 
halogen atoms are known as halogenoalkanes,	while	those	based	on	alkene structures are 
known as halogenoalkenes.

Shortened structural formula
& Systematic name

Full structural formula Use

CHCl3

chloroform

All	of	these	compounds	are	derived	from	hydrocarbons in crude oil by a series of 
chemical reactions.  Crude oil is not just a source of fuels for combustion,	it	is	also	an	
important feedstock for the manufacture of consumer products.
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Chlorofluorocarbons This activity considers the chlorofluorocarbons (CFCs),
their structures and properties, and their uses.

Chloroflurocarbons are based on alkane structures in which all the hydrogen atoms	have	
been replaced by a mixture of chlorine and fluorine atoms.

A  CFC  Gas
Molecular
Formula

CCl2F2

Systematic Name: Structural Formula:

Typical properties:

•  ............................................................................

• ............................................................................
•  ............................................................................

•  ............................................................................

•  ............................................................................

•  ............................................................................
Used in fridge-freezers 
as a ....................................................

Used in aerosol cans as a 
......................................................................

Refrigerants	have	to	be	gases that liquify easily under pressure. The original choices were 
ammonia,		 NH3 ,	(alkaline, unpleasant) and sulphur dioxide,			SO2  ,	(acidic,	corrosive,	
unpleasant).		CFCs	seemed	to	be	a	much	safer,	more	pleasant	chemicals	to	use.

The original propellants for aerosol cans were easily liquified gases such as propane and 
butane. Unfortunately they are highly flammable	so	were	dangerous,	wheras	CFCs	are	
non-flammable so seemed a much safer option.

Unfortunately,	 it	was	eventually	 realised	 that	CFCs	were	destroying	 the	ozone layer and 
were quite recently banned.

The Ozone Problem This activity considers how ozone is formed and how CFCs 
can lead to its destruction

The ozone layer high up in the upper atmosphere	provides	protection against harmful 
ultra-violet (UV) rays from the sun.

The UV rays cause molecules to break up. In particular it causes oxygen molecules to form 
individual atoms (sometimes called free radicals	-	(radical	=	very	reactive))
         UV

   O2  →					 O•	 	 +	 	 O•
             oxygen    oxygen atoms - oxygen free radicals
            molecule
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Some of these single oxygen atoms react 
with oxygen molecules to produce ozone.

 O2	 			+	 	O•	 	 →	      O3 

oxygen  oxygen      ozone 
molecule  radical    molecule

More UV rays then cause the ozone molecules to break up. A lot of UV radiation is 
absorbed	by	these	two	processes	and	life	on	the	planet	Earth	benefits.

In	recent	years	CFCs	have	escaped into the lower atmosphere from aerosol sprays and dumped 
fridges and freezers.	These	have	slowly	made	there	way	up	into	the	upper 
atmosphere	where	 they	have	upset	 the	natural	balance	 that	existed	between	ozone being 
formed and ozone being broken up.

One of the worst aspects of CFC pollution in the upper atmosphere is that the chlorine 
atoms	released	are	never	used	up	-	they	are	still	busy	reacting	away,	destroying	the	ozone 
layer.
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5.5 Aromatic Hydrocarbons

Aromatic Structures

This lesson topic deals with the structures, properties, and uses of some of the aromatic hy-
drocarbons

This activity considers the structure of benzene and some 
closely related aromatic molecules

Most aromatic hydrocarbons are based on a structure known as the Benzene ring.  Benzene 
itself has the formula C6  H6   in which the six carbon atoms form a ring  .

C
C

C
C

C

C

H

H

H

H

H

H Having	only	six hydrogens attached to six carbons 
suggested that the molecule was unsaturated - had C = C 
double bonds or C ≡ C triple bonds. 

The	old	version	of	the	structural	formula	was	the	most	likely	
explanation	but	this	would	have	produced	a	hexagonal ring 
with 3 bonds shorter (C=C) than the other 3 (C—C). The 
carbon	atoms	would	also	have	been	at	different levels - on 
different planes.

This molecule would also be able to decolourise bromine 
immediately.

In	fact,	X-ray crystallography shows that the molecule is 
planar - all the carbons are on the same level.

It also showed that it is a perfect hexagon - all the bonds 
are exactly the same length. They are shorter than a normal 
single bond but longer than a normal double bond.

Benzene cannot decolourise bromine immediately - it does 
not contain a C = C double bond.

We	now	believe	that	each	carbon atom uses   of its 4  electrons to form normal single bonds.
The fourth electrons (six in total) are allowed to move freely between the carbon atoms 
(3	above	the	ring,	3	below).	

This	provides	extra bonding between 
the carbon atoms making the molecule 
more stable than expected. The circle 
drawn in the middle of the 
hexagon represents these 
delocalised electrons.

At each corner of the 
hexagon is found one of
the hydrogen atoms

normal single
C—C bond

delocalised 
electrons

6 'spare'
electrons
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Other examples of aromatic structures include:

methylbenzene   1,2-dimethylbenzene 1,3-dimethylbenzene       1,4-dimethylbenzene

Each time a new branch is added to a benzene ring it replaces one of the hydrogen atoms 
that were attached to the six carbons.  A benzene molecule with one hydrogen	removed	
(C6H5   ) is more often referred to as a Phenyl Group.

When attached to carbon chains	with‘more important’ 
functional	groups,	it	is	often	named	as	the	‘branch’ 
even	though	it	has	more carbon atoms	than	the	‘chain’ 
part of the molecule. 

e.g.  the monomer styrene used to make polystyrene 
 has the systematic name phenylethene

C
C

H
H

H

Aromatic Properties This activity looks at some of the properties of methylbenzene 
(toluene) as an example of a typical aromatic hydrocarbon.

  Property       Result

        

       Appearance

       Solubility

  pH

      Combustion

      Bromine Test
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When methylbenzene burns the flame	is	very	sooty. This indicates that methylbenzene has 
a high carbon : hydrogen ratio ( 7 :    ) - it is almost certainly unsaturated.

It only decolourises bromine very slowly.	It	cannot,	therefore,	contain	‘normal’	C	=	C	
double	bonds.	We	believe	the	bonds	are	somewhere	between single and double bonds.

Normal addition reactions between bromine and C = C are very fast. Benzene rings are 
resistant to addition reactions. Instead the type of reactions undergone by aromatic 
molecules is likely to be Substitution - a hydrogen	will	have	to	removed before a bromine 
atom can take its place.

Products from Aromatic 
Hydrocarbons

This activity considers the uses of aromatic hydrocarbons

Most aromatic hydrocarbons are obtained from the Naphtha fraction in Crude oil - typically 
molecules with between 6 and 14 carbon atoms. One use of these aromatics is as fuel 
additives to petrol and diesel.

Useful though they are as Fuels,	they	are	even	more	useful	as	Feedstocks in the manufacture 
of consumer products. There is only a finite amount of Crude oil left and a limited 
proportion of this is aromatics so there are competing demands for these chemicals. The 
search	is	on	to	develop	alternative fuels or fuel additives,	to	allow	these	precious	aromatics 
to	be	conserved.

Examples of their uses include:
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5.6 Petrol

Petrol Engines

This lesson topic examines how petrol burns in engines, which molecules are present in 
different petrols, and how petrol is manufactured.

This activity is about how a petrol engine burns fuel and how this 
leads to pollution products.

In petrol engines a mixture of petrol vapour and air 
is compressed,	and	then	ignited with an electric spark 
(spark plugs).

When the petrol-air mixture is compressed rapidly  it 
becomes very hot and it is in danger of self-igniting 
before the piston reaches the correct position.

If the engine is correctly tuned the fuel should burn 
rapidly and smoothly when ignited by the spark.

The energy released (exo  thermic reaction)	drives	the	piston down. Efficient burning should 
emit little smoke (soot - carbon) and only small amounts of unburned fuel.	The	burning	does,	
however,	produce	carbon monoxide and the spark produces nitrogen oxides.

Octane Number This activity examines how the molecular structures of hydrocarbons 
are related to their octane numbers

Not all hydrocarbons are equally suitable for use in a petrol engine. When compressed,	many	
mixtures tend to ignite by themselves causing the mixture to explode early rather than burn 
smoothly when the piston is at the correct position and the plug sparks.

This is called “self-ignition” or “auto-ignition” and causes a nasty knocking noise from the 
engine. It reduces the efficiency (performance) of the engine and can damage the engine. 
Mechanics refer to this effect as “knocking” or “pinking”.

One of the best hydrocarbons to use in a petrol engine is an isomer of octane,	traditional	
name iso-octane,

Iso-octane	burns	very	smoothly and	is	given	a	rating of 100. Hydrocarbons with a greater 
tendency to auto-ignite were	given	lower octane ratings,	with heptane,	for	example,	found	
to	be	so	bad	that	it	was	given	a	rating	of 0 and straight chained octane	even	worse	at	-19.

The octane rating of a hydrocarbon depends on their molecular structures:-

     2,2,4-trimethylpentane C8H18



KHS Nov 2003 page   19

Hydrocarbons & Fuels Unit 2 Section 5

Higher

HYDROCARBON OCTANE NUMBERS
Octane
Number

Molecular
FormulaStructural FormulaName

octane

heptane

2,4-dimethyl-
hexane

2,2,4-trimethyl-
pentane

cyclohexane

 Smaller chained molecules (e.g. hexane        , 25) are less likely to auto-ignite 
 than longer chained molecules (e.g. octane         , -19).

 Branched molecules (e.g 2-methylheptane        , 43) are less likely to auto-ignite 
 than chain molecules (e.g. octane          , -19)

 More branches (e.g. 2,2,4-trimethylpentane        , 100) are less likely to auto-ignite 
 than less branches(e.g 2,4-dimethylhexane        ,66)
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     Ring molecules (e.g. hexane                    , 83) are less likely to auto-ignite 
     than chained molecules (e.g. octane         , 25).

      Aromatic ring molecules (e.g 2-methylheptane    , 106) are less likely to auto-ignite 
     than chain molecules (e.g. octane          , 25) or ring molecules(e.g. hexane            , 83)

Originally leaded compounds,	such	as	tetraethyl lead,	were	added	to	petrol	to	help	prevent	
auto-ignition.	However,	leaded compounds are toxic and leaded petrol has since been 
removed	from	sale	in	the	UK.

Instead,	petrol now contains a greater proportion of branched alkanes,	cycloalkanes and 
aromatics to increase the octane number and ensure smooth burning rather than 
auto-ignition.   

Petrol Production  This activity considers how petrol is manufactured from   
 the various components of crude oil

Crude�
Oil distillation

naphtha�
fraction

residue�
fraction

petrol�
fraction

reformingdistillation

vacuum�
distillation waxes hydro-

cracking

blending petrol

Any petrol is a blend of hydrocarbons; straight-chained alkanes,	branched alkanes,	
cycloalkanes and aromatics.

Most of the straight-chained alkanes are obtained directly from the petrol fraction - mainly 
pentane and hexane. 

The naphtha fraction contains molecules with 
6 to 10 carbon atoms and these are reformed 
- the shapes of the molecules are changed but 
the number of atoms remains the same.

Reforming is done at high temperatures,	high 
pressures and uses a catalyst.

The products are branched alkanes,	
cycloalkanes and aromatics.

The residue fraction contains molecules with 
more than 25 carbon atoms and these are hy-
drocracked - large alkanes are broken down 
into smaller alkanes. 

Hydrocracking is done at high temperatures,	
uses a catalyst,	and	the	presence	of	hydrogen 
means more alkanes and less alkenes.
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Blending also allows petrol companies	to	vary	the	mixture	as	the	weather changes. 

Winter blend -  will contain more of the smaller,	more	volatile alkanes such as pentane  
	 	 	 and	even	butane. Volatile liquids form vapour more easily to 
   counteract the colder conditions.

Summer blend - will be mainly hexane since this will vaporise	fine	in	the	warmer 
   conditions. Butane and pentane would vaporise too easily leading to   
   unacceptable fuel loss.

5.7 Alternative Fuels

Biofuels

This final topic looks at alternative fuels that could replace the burning of fossil fuels.

This activity looks at three biofuels that can be used in the internal 
combustion engine.

There	are	two	main	reasons	for	seeking	alternatives	to	fossil	fuels:-

 fossil fuels are finite - fossil fuels will run out in one or two hundred years. 
        There is also the fact that many of these chemicals are 
        needed as  feedstocks to make other chemicals 
 pollution   - the burning of fossil fuels contributes greatly to the 
        greenhouse effect.

One option is to turn to fuels that can be quickly produced from growing materials. Such 
fuels are called biofuels.

C2H5OH

CH4

formed from  - decaying plant and animal waste (manure)
     anaerobic respiration by bacteria
advantages   - CO2 has less greenhouse effect than CH4
      can be used directly to power vehicles
disadvantages  - needs special pressurised tanks
	 	 	 			lack	of	a	refilling	network

formed from  - fermentation of sugar from sugar cane
advantages   - high octane rating of 111
	 	 	 	 reduced	levels	of	pollution
    can be used on own or mixed with petrol
	 	 	 	 liquid,	so	existing	tanks	and	pumps	used
disadvantages  - costs more to produce than petrol
    sugar cane can only be grown where the  
    climate is warm and wet
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CH3OH
formed from  - made from synthesis gas,	(a	mixture	of	CO
    and H2),	made	by	reacting	CH4 with steam
advantages   - high octane rating of 114
	 	 	 	 reduced	levels	of	pollution
    liquid, so existing tanks and pumps used
disadvantages		-	very	toxic (can cause blindness)
    absorbs water which can cause corrosion

These biofuels do not contain sulphur,	unlike	most	fuels	derived	from	crude oil,	so	do	not	
produce sulphur dioxide,	SO2 - a major cause of acid rain. They can also be considered 
renewable since their raw materials can be quickly produced from growing materials.

Hydrogen Economy This activity considers what a hydrogen economy is, how it would 
work, and some of its advantages and disadvantages

The widespread use of hydrogen as a clean-burning non-polluting	fuel,	and	an	economic 
system	based	on	it,	is	referred	to	as	‘the hydrogen economy’.

electricity

Raw Material

pipeline distribution

tanker �
distribution

Energy Sources As long as the method used to produce the 
electricity is non-polluting,	then	the	overall	
process is almost pollution free.

Sulphur dioxide,	unburnt hydrocarbons,	
soot and carbon monoxide	are	all	avoided	
- some nitrogen oxides,	however,	will	still	
be produced due to the high temperatureof 
the combustion of hydrogen.

Advantages  pollution free - made product of combustion is water
    water is a plentiful and cheap raw material
    can be distributed easily through pipelines or tankers
   * portable fuel capable of storing energy produced by renewable sources 

Disadvantages  storing as liquid requires high pressure/low temperature
    potentially explosive
    produces less energy than the electricity	used	to	make	it,	but	*
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Fuel Cells This activity looks at what fuel cells are, how they work, and some of 
their advantages

Fuel cells,	like	batteries (electrochemical cells),	can	produce	electricity from chemical 
reactions.	Unlike	normal	batteries,	which	run	down	as	the	chemicals	are	used	up,	fuel	cells	
use gases which can be continuously supplied.

Fuel cells are more efficient than internal combustion 
engines,	which	lose	considerable	energy	as	heat.

At the hydrogen electrode,	hydrogen gas	is	converted	
into hydrogen ions,	losing electrons in the process.
  2H2(g) → 4H+

(aq) + 4 e-

At the oxygen electrode,	oxygen gas	is	converted	into	
hydroxide ions,	gaining electrons in the process.
  O2(g) + 2H2O(l)

   + 4 e-→ 4OH-
(aq) 

The ions then combine to form water
  4H+

(aq)+ 4OH-
(aq)

  → 4H2O(l)
  

hydrogen gas oxygen gas (air)

electrolyte

e-

e- e-
e-

Advantages - twice as efficient as an internal combustion engine
   absolutely no pollution

The	main	problem	left	to	solve,	is	a	convenient	storage fuel to act as a source of 
hydrogen.One possibility is to use methanol	which	would	be	converted	into	hydrogen 
by a catalytic reformer just before it enters the fuel cell.

cells
———— power

————————
intake———

pure —————

gas————————
reformer

fuel tank

————————
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UNIT 2.   THE WORLD of CARBON

Shortened structural formulae egs.
CH3CH2CH2CH3  CH3CHCHCH3

   CH3CH(CH3)CH3

 
The functional group is the group of atoms within the 
molecule	which	give	the	molecule	its	chemical	
properties eg. C = C.

The	double	bond	opens	allowing	a	small	molecule,	
eg Br2 ,	to	split	apart	and	both	parts	join	separately	onto	
the two carbon atoms.

 C = C + H2  →  H—C—C—H
 C = C + HCl →  H—C—C—Cl
 C = C + H2O →  H—C—C—OH

Naphtha appears often as the source of useful 
chemicals	-	it	is	a	very	important	feedstock

Cracking	ethane	or	propane	allows	specific	alkenes	to	be	
produced rather than the mixtures obtained by cracking 
heavier	fractions	(larger	molecules).	

We	should	be	conserving	these	useful	chemicals	-	
not burning them for energy when there are less 
useful chemicals that we could burn instead.

Try to be aware of this all the way through this Unit.
Try	to	remember	some	examples,	and	highlight	 them	
in your notes.

You must learn to recognise and correctly classify a 
molecule as a haloalkane.

You	must	be	able	to	give	examples	of	uses	of	
haloalkanes. 
eg  propellants in aerosols
  refrigerants
  blowing agents (expanding plastics)
	 	 cleaning	solvents

Section 5: Hydrocarbons & Fuels
Hydrocarbons 
1. Systematic names, full and shortened structural                      
 formulae can be used for straight and branched-  
 chained alkanes, alkenes and alkynes (only up   
 to C8)
 
2. The functional group in an alkene is the carbon  
 to carbon double bond

3. The characteristic reaction of the alkene is the   
 addition reaction

4. Alkenes can undergo the addition of hydrogen,
 hydrogen halides, halogens and water to form   
 saturated products

5. Ethene is a starting material of major importance  
 in the petrochemical industry, especially for the  
 manufacture of plastics

6. Ethene can be formed by cracking ethane from   
 the gas fraction or the naphtha fraction from oil.

7. Propene can be formed by cracking propane   
 from the gas fraction or the naphtha fraction   
 from oil.
 
8. There are competing demands for the use of crude  
 oil for fuels and the manufacture of petroleum-  
 based consumer products.
 
9. Many consumer products are compounds of 
 carbon

10. Haloalkanes have properties which make them   
 useful in a variety of ways.
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11. In the atmosphere, ozone O3, forms a protective   
 layer which absorbs ultraviolet radiation from   
 the sun

12. The depletion of the ozone layer is believed to   
 have been caused by the extensive use of certain  
 CFC's

 
13. The functional group in an alkyne is the carbon  
 to carbon triple bond

14. Ethyne can also undergo the addition of 
 hydrogen, hydrogen halides and halogens to   
 form saturated products in two stages

15. Benzene is the simplest member of the class of   
 aromatic hydrocarbons

16. The benzene ring has a distinctive structure

17. The benzene ring resists addition reactions

18. A benzene ring in which one hydrogen has been  
 substituted by another group is known as the   
 phenyl ring

19. The phenyl ring has the formula —C6H5

20. Benzene and its related compounds are 
 important as feedstocks

21. One or more hydrogen atoms of a benzene 
 molecule can be substituted to form a range of   
 consumer product 
 
Petrol
22.  Petrol can be produced by the reforming of   
 naphtha

23.  Reforming alters the arrangements of atoms in   
 molecules without necessarily changing the   
 number of carbon atoms per molecule
 
24. As a result of the reforming process, petrol 
 contains branched -chain alkanes, cycloalkanes  
 and aromatic hydrocarbons, as well as straight-  
 chain alkanes.

You must know that O3	is	a	vital	sunscreen	which	
protects life on Earth from harmful U.V. radiation

Increased U.V. is likely to lead to more cases of skin 
cancer and eye cataracts. It could also affect plankton in 
the	oceans	which	could,	in	turn,	affect	other	organisms	
further up the food chain.
 
C ≡ C

C ≡ C + H2  →  H—C = C—H  →
C ≡ C + HCl →  H—C = C—Cl →
C ≡ C + H2O →  H—C = C—OH →

   C6H6  aromatic compounds all contain
      a benzene ring or rings

You should know this in some detail

This means no C = C or C ≡	 C bonds

Benzene	in	turn	is	derived	from	the	naphtha	fraction.	
Again this underlines the importance of the naphtha 
fraction

Try to learn a few of these. Include and highlight them 
in your notes

Tends	to	involve	changing	straight	chained	molecules	
into	branched	chain	molecules	or	even	ringed	
molecules
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25. Any petrol is a blend of hydrocarbons of 
 different volatilities which takes account of 
 prevailing temperatures.

26. In a petrol engine, the petrol-air mixture is 
 ignited by a spark.

       
27. ‘Knocking’ is caused by auto-ignition

28. The tendency of alkanes to auto-ignite is reduced  
 by the addition of lead compounds

29. Unleaded petrol uses components which have a  
 high degree of molecular branching and/or 
 aromatics to improve efficiency of burning

Alternative Fuels
30. Sugar cane is a renewable source of ethanol for  
 mixing with petrol

31. There are advantages and disadvantages 
 associated with the use of methanol as an 
 alternative fuel to petrol

32. Some biological materials, under anaerobic 
 conditions, ferment to produce methane

33. In the future a ‘hydrogen economy’ could see the  
 use of hydrogen as a means of storing and 
 distributing energy

Petrol	 is	a	blend	of	hydrocarbons	with	high,	medium	
and	low	volatilities.

Colder	 climates	 require	more	 volatile	 components;	
more	of	the	hydrocarbons	with	small	molecules,	such	
as butane and pentane

A by-product of this spark is the production of 
nitrogen oxides which can cause pollution if not 
prevented	by	a	catalytic	convertor
 
Auto ignition lowers engine performance and can dam-
age	the	engine:	the	fuel-air	mixture	catches	fire	before	
the	spark	-	this	produces	a	‘knocking’	or	‘pinking’	sound	
in the engine

Tetraethyl lead was widely used (C2H5)4 Pb.
(The	haloalkane,	chloroethane,	was	used	to	make	it)
These lead compounds are toxic and the poison the 
metals	in	catalytic	converters	designed	to	reduce	other	
pollutants.

Aromatics,	benzene	in	particular,	are	also	toxic

Renewable because you can grow more sugar cane 
every	year,	whereas,	no	more	crude	oil,	 for	example,	
will	ever	be	made

You will be expected to know two	advantages	and	two 
disadvantages

advantages	-	burns	more	cleanly,	less	soot,	less	CO,
	 	 	 	 		no	toxic	products,	cheap,	less	volatile
      so less likely to explode in a crash
disadvans			-	methanol	itself	is	toxic,	less	energy	per
	 	 	 	 		litre	than	petrol,	doesn't	mix	that	well
	 	 	 	 		with	petrol,	tends	to	absorb	water	which
      increases engine corrosion and makes   
      petrol more likely to separate out

anaerobic	=	poor	supply	or	even	no	O2
ferment	=	alternative	energy	producing	reaction	to
     normal respiration

Easier	to	store,	easier	to	transport	than	electricity.
more	versatile;	burn	it	or	use	to	generate	electricity
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34. Hydrogen could be produced by the electrolysis   
 of water using solar energy, a renewable source  
 of energy.

35. The use of hydrogen in the internal combustion   
 engine instead of petrol would reduce the build   
 up of carbon dioxide in the atmosphere

Only	 cost-effective	 if	 it	 can	 be	made	without	 using	
electricity generated from fossil fuels

Minimal	 environmental	 effect	 as	 the	 only	 product	 of	
combustion would be water.


