
Organic Chemistry 
 
A huge variety of molecules in living organisms, are based 
on carbon with just a few other elements e.g.  O and H. 
 

Carbon always forms 4 bonds (valency = 4), so it can be 
bonded to other atoms in many different configurations. 

oxygen 
always forms 
two bonds 

hydrogen 
always forms 
one bond 

How many different molecules can you make with the 
formula  C4H10O ?  How can you tell if they are really 
different, or just drawn in a different way round? 



Isomerism 
 

Molecules with the same numbers of each type of atom can 
still have these atoms bonded together in different spatial 
arrangements. This is called isomerism.  
 

e.g.  C2H6O could be… 
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ethanol methoxymethane 

Note that different isomers have different names – if we 
know how to work out the names, we can check whether two 
molecules we draw are the same or isomers. 



Types of chemical formula 
 
Molecular formula  e.g.  C2H6      (the one we normally use) 
- a list of the atoms in a molecule, and how many of each 
 
Empirical formula  e.g.  CH3 

-  the simplest whole-number ratio of the atoms present in 
the molecule    (divide the numbers by highest common factor) 

Displayed formula   
-  shows each atom and ‘sticks’ for the bonds  
    between them, so we can tell isomers apart  

Structural formula    e.g.  CH3CH3 

-  lists each carbon atom and what it is bonded to, so this 
too can tell isomers apart. 
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Basics of naming organic molecules 
 

•  Start with the longest chain of carbon atoms (the chain 
doesn’t have to be straight) 

•  Stem for the name: 
1 = meth  2 = eth  3 = prop   
4 = but  5 = pent  6 = hex 

•  Name endings tell you what family the molecule belongs 
to, e.g. ‘-ane’ tells you it has C and H atoms only and single 
bonds only. 

•  Branches off the chain are named according to their 
length: 

 1 = methyl  2 = ethyl  3 = propyl etc. 
•  The carbons along the longest chain are numbered so that 

the location of branches etc. can be given in the name. 

We will see how this works in practice as we meet each 
family of organic molecules. 



Important Keywords 
 
A homologous series is a family of molecules the same 
functional group, which gives them the same reactions and 
trends in their physical properties. 
 
A functional group is an atom or group of atoms which 
gives a homologous series its characteristic chemical 
reactions. 

 examples:   -C=C- the alkene functional group 
          -OH   the hydroxyl functional group 

 
Each successive member of a homologous series differs 
from the other by –CH2- which means that all the members 
of the series are related by a general formula. 



The ALKANES – a homologous series 
 
The alkanes have the general formula:   CnH2n+2.  
 
Putting the number of carbon atoms, n, into the general 
formula tells us the molecular formula for each member. 
 
The alkanes are saturated hydrocarbons: 
Hydrocarbons: compounds containing only hydrogen and 
carbon atoms 
 

Saturated: containing only single covalent bonds between 
the carbon atoms. 
 
Show this by drawing dot-and-cross diagrams for CH4 
(methane) and C2H6 (ethane). 



Number of 
carbon 
atoms 

Molecular 
formula 

Empirical 
formula 

Displayed 
formulae of 
isomers + names 

Structural formula 
for each isomer 

1 CH4 CH4 CH4 

2 C2H6 CH3 CH3CH3 

3 Hint: there is 
only 1 isomer 

4 Hint: there are 2 
isomers 

5 Hint: there are 3 
isomers 
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Members of the alkane family 



Lubricants 

Polishes Detergents 

Medicines Paint Solvents Plastics 

What do all these have in common ? 

Waxes Fuels 



Crude Oil: a mixture of  
very many different compounds,  
mostly hydrocarbons, mainly  
alkanes. 
 
 

Mixture:   
A mixture can be separated by physical means, because 
the different components of the mixture are not chemically 
bonded together. Crude oil is separated by fractional 
distillation. 

Crude oil is not useful itself – we have to separate out 
alkanes of similar number of carbon atoms.  
 

Each group of these is called a fraction, and has different 
properties and uses.   
e.g. the fraction from 6 to 9 carbons long is petrol 



As the number of carbon atoms in the molecules of each 
fraction increases, the colour of that fraction gets darker 

Increasing number of C atoms 



Other properties of alkanes vary with size of the molecule 
(number of carbon atoms): 



Separating crude oil 
 

•  The process is called fractional 

distillation and takes place in a 
fractionating column. 

•  As the number of carbon atoms 
in an alkane increases, the 
boiling points increase. 

•  So molecules similar size 
molecules will boil/condense over 
a narrow temperature range. 

•  It is NOT a reaction (no 
substances are changed) – just a 
separation 

Crude Oil 



Laboratory separation technique: 

Like simple distillation, 
but with the addition of 
the fractionating 
column which has a 
temperature gradient. 
 
This allows the 
temperature of the 
vapour at the top of 
the column to be 
carefully controlled. 
 
Fractions are collected 
over narrow 
temperature ranges. 



Fractional Distillation of Crude Oil 
on an Industrial Scale 

 fuel oil  

bitumen 

diesel 
oil 

kerosene (jet fuel) 

refinery gases  

gasoline 
(petrol) Crude 

oil 

Furnace 

<30°C  

100-150°C 

190-250°C 

250-320°C 

320-400°C 

>500°C 

3 – 4 carbons: used for domestic 
heating and cooking e.g. LPG, and 

camping gas  

6 – 9 carbons: used for fuel in cars   

11-16 carbons: used as aviation fuel, 
and as paraffin for heaters and lamps  

14-20 carbons: used as fuel in lorries, 
buses, trains and some cars  

20 – 27 carbons: used for ships' 
boilers, and for some industrial heating  

> 35 carbons: used, mixed with rock 
chippings, for the top surface of roads  



Industrial separation: 
 

The crude oil is heated until it 
vapourises, then it enters the 
bottom of the fractionating 
column. 
 

The column has a temperature 
gradient.  (hot at the bottom, 
cooler towards the top). 
 

The vapours rise up the column 
and cool, until they get to where 
the temperature = their boiling 
point. 
 

At these different levels in the 
column, the different fractions 
condense, and are collected.  



What properties 
would a good fuel 
need ? 

Most fractions (except the longest chains) are used as 
fuels. 

Fuel: a substance that, when 
burned, releases useful heat 
energy. 



Complete combustion of alkane fuels 

We can recognise a combustion reaction because it has a 
fuel + oxygen before the à and oxidation products of the 
fuel on the right. 
 

When hydrocarbons burn in a plentiful supply of air 
(oxygen) they are fully oxidised. The carbon atoms make 
carbon dioxide and the hydrogen atoms make water. 

General equation: 
 

       alkane  + oxygen  à carbon dioxide + water  
 
e.g.    CH4(g) +  2 O2(g)  à   CO2(g)    +   2 H2O(l)   
 
Write the equation for the complete combustion of 
propane, C3H8, and balance it, then do the same for butane, 
C4H10. 

! 



Demonstrating the products of combustion of a hydrocarbon  



Effect of amount of oxygen on products of 
hydrocarbon combustion 
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CO2 + H2O 
Complete combustion 

CO + H2O 

Incomplete combustion 

C + H2O 

No combustion 



Carbon Monoxide (CO) 

•  colourless, odourless 
•  poisonous when inhaled because it reduces   
  the capacity of the blood to carry oxygen.  

•  from domestic fires/heaters,  
•  from traffic exhaust 



Sulphur dioxide, SO2, and nitrogen oxides, NOx, are also 
produced when fossil fuels are burnt in power stations and 
factories, and in motor vehicles; they cause acid rain. 

Causes of Acid Rain 



Sulphur dioxide comes from traces of sulphur in 
fossil fuels, which oxidise to sulphur dioxide 
when burnt.  
 
 
Sulphur is therefore removed from liquid fuels 
such as petrol before sale. 

S + O2 à  SO2 

Sulphur dioxide is oxidised further by oxygen 
in the air to form sulphur trioxide: 
 
 
 
This dissolves in water droplets in the 
atmosphere to form sulphuric acid, making acid 
rain.   
 

    SO3(g) + H2O(l) à  H2SO4(aq) 
 

The wind can carry the gases and droplets a 
long way, so acid rain can fall on regions far 
from where it was produced. 

2SO2 + O2 à  2SO3 



Acid rain can kill or stunt the growth 
of plants and trees, and harm or kill 
aquatic animals.  
 
Buildings made of limestone or marble 
are corroded, and some metals such 
as iron can also be corroded by acid 
rain. 



The nitrogen oxides come from the very high temperature 
inside car engines, which causes the nitrogen in the air to 
be burnt (i.e. react with the oxygen in the air). 

Catalytic converters are used in the exhausts of cars. 
They convert NOx to N2, and CO to  CO2, but have no 
effect on SO2.  
 

 2NO(g) + 2CO(g) à N2(g) + 2CO2(g) 
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Ethane Ethene 

List the similarities and differences between these two 
hydrocarbon molecules 

The Alkenes – another homologous series 



The alkenes are a homologous series of hydrocarbons with 
general formula CnH2n.  
 
 
Their functional group is carbon-to-carbon double bond.  
 
 
 
 

     
 
 
Because they don’t only contain single covalent bonds 
between the carbon atoms, they are said to be unsaturated. 
 

    ALKANES are SATURATED hydrocarbons 
    ALKENES are UNSATURATED hydrocarbons 
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H 

double covalent 
bond 

(‘n’ is the number of carbon 
atoms in the molecule) 

Show how the double bond is formed by drawing a dot-
and-cross diagram for C2H4 (ethene). 



Number of 
carbon 
atoms 

Molecular 
formula 

Empirical 
formula 

Displayed 
formulae of each 
isomer 

Structural formula 
for each isomer 

1 

2 C2H4 CH2 CH2=CH2 

3 Hint: there is 
only 1 isomer 

4 Hint: there are 3 
isomers 

Members of the alkene family 

It is impossible to have an alkene with 1 carbon atom as 
it can’t have a C=C bond. 



Naming the alkenes 

•  Same rules as for alkanes, but with an ‘-ene’ ending. 
•  May need a position number to show where the C=C 

group starts. 
 

but-1-ene 
methylpropene 

but-2-ene 



Where do we get alkenes ?     
 
Short-chain hydrocarbons (e.g. in petrol) are in high 
demand as fuels, because of the very large number of 
cars we use. Fractional distillation produces less than we 
need of the short-chain fractions so they are in short 
supply. 
 
There is lower demand for the longer-chain hydrocarbon 
molecules such as fuel oils (we have much fewer ships 
than cars). Fractional distillation produces more than we 
need. 
 
A reaction called catalytic cracking is used to make long 
chain hydrocarbons into shorter, more useful alkanes, and 
also produces useful alkenes. 



Catalytic cracking  
 
•  makes more efficient use of 

finite crude oil reserves 

•  is an example of a thermal 
decomposition reaction 

•  is an endothermic reaction 

Conditions: Long chain alkanes are converted to 
alkenes using silica or alumina as catalysts and a 
temperature of 600 – 700°C.  



The long chain gets broken into two shorter 
parts... 
 

Where the chain breaks is random, so cracking creates a 
mixture of products which can be separated by further 
fractional distillation. 



E.g. An alkane 6 carbons long can break into a 4-
carbon alkane and a 2-carbon alkene. 
 
We can write this equation as: 
 

 C6H14  →   C4H10 +  C2H4 
 

 hexane   butane  +    ethene 
 
Write a symbol equation for the cracking of 
heptane in which propane is one of the products 
 

 C7H16   à   C3H8   +   C4H8 



Things to be aware of with cracking reactions: 
 
1)   hydrogen can be a product, instead of a shorter alkane 

 e.g.  butane à butene + hydrogen 
 

  C4H10 à C4H8  + H2 

 
2)  the chain could break twice to give an alkane and two  
     alkenes 

 e.g.  octane à  butane + ethene 
 

  C8H18 à  C4H10  +  2  C2H4 



Add a few drops of 
bromine water (orange) 
 

•  Alkenes can quickly      
  decolourise bromine  
  water 
 

•  Alkanes cannot do this 
   (bromine remains  
   orange) 

Telling alkenes from alkanes 

+  Br-Br    à 

ethene     bromine     1,2-dibromoethane     

Other halogens 
can also react 
with alkenes in 
the same way. 


