
Alkanes 
The alkanes form a homologous series. Like all homologous series, 
the alkanes: 
- have the same general formula 
- differ by CH2 in molecular formulae from neighbouring members of 
the series 
- show a gradual variation in physical properties, such as their boil-
ing points 
- have similar chemical properties 
General formula 
The general formula for the alkanes is CnH2n+2 (where n is the num-
ber of car-
bon atoms 
in the mol-
ecule). 
 
Structures 
The al-
kanes are 
saturated 
hydrocar-
bons: 
- hydro-
carbons, 
because 
they are 
compounds 
containing 
hydrogen 
and carbon 
only 
- saturat-
ed, be-
cause their carbon atoms are joined together by single bonds 

Alkenes 
The alkenes form a homologous series. Like all homologous se-
ries, the alkenes: 
- have the same general formula 
- differ by CH2 in molecular formulae from neighbouring com-
pounds 
- show a gradual variation in physical properties, such as their 
boiling points 
- have similar chemical properties 
General formula 
The general formula for the alkenes is CnH2n (where n is the 
number of car-
bon atoms in the 
molecule). 
Structures  
Notice that bu-
tene has two 
different forms 
called isomers. 
But-1-ene and 
but-2-ene have 
the same molec-
ular formula, but 
the position of 
their C=C bond is 
different. The 
number in their names show where that bond is located in the 
molecule. 
The alkenes are unsaturated hydrocarbons: 
- hydrocarbons, because they are compounds containing hydro-
gen and carbon only 
- unsaturated, because they contain a C=C double bond 
The C=C bond is the functional group in the alkenes. It is re-
sponsible for the typical reactions of alkenes. 



Reactions of alkanes and alkenes 
Alkanes and alkenes both undergo complete combustion, but only alkenes can undergo addition reactions. 

Complete combustion 
The complete combustion of alkanes 
and alkenes involves the oxidation of 
hydrocarbons. Carbon dioxide and wa-
ter are produced. For example: 
Ethane + oxygen —> carbon dioxide + 

water 
C2H6(g) + 3½O2(g) —> 2CO2(g) + 3H2O

(l) 
Ethene + oxygen —> carbon dioxide + 

water 
C2H4(g) + 3O2(g) —> 2CO2(g) + 2H2O

(l) 
Notice that more molecules of oxygen 
are needed to balance the equation 
for ethane, because the alkane con-
tains more hydrogen atoms which 
need to be oxidised to form water 
molecules. 

Distinguishing between alkanes and alkenes 
An orange-brown 
solution of bromine 
dissolved in water, 
called bromine wa-
ter, is used to dis-
tinguish between 
alkanes and al-
kenes: 

- there is no change 
when bromine wa-
ter is mixed with 
an alkane 
- the bromine wa-
ter becomes col-
ourless when it is 
mixed with an al-
kene 

Addition reactions of alkenes 
The functional group, C=C, allows alkenes to undergo addition reactions. For example, ethene reacts with bromine to form 1,2-
dibromoethane: 
CH2=CH2 + Br2 —> CH2BrCH2Br 

It is easier to see what happens using structures with all their co-
valent bonds. 
The reaction is an 'addition' reaction because one molecule com-
bines with another molecule, forming one larger molecule and no 
other products. 



Alcohols contain the –OH functional group. Ethanol is made from sugars by fermentation, and concentrated using fractional distilla-
tion. Carboxylic acids contain the –COOH functional group. 

Reactions of alcohols 
The alcohols undergo complete combustion to form carbon dioxide and water. For example, ethanol is used as a fuel: 

Ethanol + oxygen —> carbon dioxide + water     
C2H5OH + 3O2 —> 2CO2 + 3H2O 

However, the alcohols can also be chemically oxidised, without combustion in oxygen, to produce carboxylic acids. For example, eth-
anol can be oxidised to ethanoic acid using an oxidising agent. It is easier to understand what happens if ethanol is shown as 
CH3CH2OH in the balanced equation: 

Ethanol + oxidising agent —> ethanoic acid + water    
CH3CH2OH + 2[O] —> CH3COOH + H2O 

Each of the two oxygen atoms provided by the oxidising agent are shown as [O]. Notice that the left-hand side of the ethanol mole-
cule is unchanged. The reaction involves the carbon attached to the –OH functional group on the right-hand side. The number of 
carbon atoms in the carboxylic acid is the same as the number of carbon atoms in the alcohol. 

Alcohols 
The alcohols form a homologous series. Like all homologous se-
ries, the alcohols: 
- have the same general formula 
- differ by CH2 in molecular formulae from neighbouring com-
pounds 
- show a gradual variation in physical properties, such as their 
boiling points 
- have similar chemical properties 
Functional group 
The functional group in the alcohols is the hydroxyl group, –OH. 
It is responsible for the typical reactions of alcohols. Take 
care not to confuse the –OH group with the hydroxide ion, OH-. 
General formula 
The general formula for the alcohols is CnH2n+1OH (where n is 
the number of carbon atoms in the molecule). 
Structures 
The table shows three alcohols, their formulae and their struc-
tures. 



Ethanol 
Ethanol is the alcohol found in beer, wine and other alcoholic drinks. It is also used as a fuel for vehicles, either on its own or mixed 
with petrol. Ethanol can be produced by fermentation and concentrated using fractional distillation. 

Fractional distillation 
The fermentation mixture contains yeast cells and insoluble sub-
stances. These are separated from the impure ethanol solution 
by filtration. Fractional distillation is then used to produce a 
concentrated solution of ethanol from the filtrate. This works 
because ethanol and water have different boiling points. When 
the mixture is heated, ethanol evaporates more readily. 
It is safer to use an electric heater instead of a Bunsen burner. 

Fermentation 
Fermentation is an anaerobic process (it happens in the absence 
of oxygen): Glucose —> ethanol + carbon dioxide 
Yeast, a type of single-celled fungus, provides the enzymes need-
ed for fermentation. If the yeast cells become too cold, fermen-
tation happens very 
slowly, or may not hap-
pen at all. If the yeast 
cells become too hot, 
their enzymes become 
denatured and fermen-
tation stops. 
The typical conditions 
needed for fermenta-
tion include: 
- sugars dissolved in wa-

ter, and mixed with 
yeast 

- an air lock to allow 
carbon dioxide out, 
while stopping air get-
ting in 
- warm temperature, 25
-35°C 
The yeast dies when the 
ethanol concentration 
reaches about 15%. Fer-
mentation is a slow re-
action and takes several 
days or weeks to finish. 





Alcohols contain the –OH functional group. Ethanol is made from sugars by fermentation, and concentrated using fractional distilla-
tion. Carboxylic acids contain the –COOH functional group. 

Carboxylic acids 
The carboxylic acids form a homologous series. 
Like all homologous series, the carboxylic acids: 
- have the same general formula 
- differ by CH2 in molecular formulae from 
neighbouring compounds 
- show a gradual variation in physical properties, 
such as their boiling points 
- have similar chemical properties 
Functional group 
The functional group in the carboxylic acids is 
the carboxyl group, –COOH. It is responsible for 
the typical reactions of carboxylic acids, which 
are weak acids. Vinegar is a dilute solution of 
ethanoic acid. 

Structures 
The table shows four carboxylic acids, their formulae and their structures.  
Acid properties 
The carboxylic acids have the typical properties of acids. For example, they: 
- dissolve in water to form acidic solutions with pH values less than 7 
- react with metals to form a salt and hydrogen 
- react with bases to form a salt and water 
- react with carbonates to form a salt, water and carbon dioxide 
These properties are due to the –COOH functional group. 



Addition polymers are made from molecules containing C=C bonds. Polymers have different properties and uses but it is difficult to 
dispose of them. DNA, starch and proteins are biological polymers. 

Modelling addition polymers 
It is too difficult to model a complete addition polymer molecule, 
as it contains so many atoms. Instead, we show the structure of 
its repeating unit, the part that is repeated many times. To de-
duce the structure of a polymer from the monomer: 
1. Draw the structure of the monomer but use C–C instead of 

C=C. 
2. Draw brackets 

around the 
structure with 
a long bond 
passing 
through each 
bracket. 

The table shows 
the structure of 
ethene and its 
polymer, poly
(ethene). 

Modelling addition 
polymerisation 

 
Equations use re-
peating units to 
model addition 
polymerisation re-
actions. The letter 
n stands for a 
large number. The 
polymer, poly
(chloroethene) is 
also known as poly
(vinyl chloride), or 
PVC. 

Addition polymers 
A polymer is a substance of high relative formula mass, made up of small repeating units. 
Poly(ethene) 
Poly(ethene) is a polymer made from a very large number of ethene molecules combined to-
gether. 
The reaction is called a polymerisation reaction: 
- ethene is the monomer 
- poly(ethene) is the polymer 
The C=C double bond in ethene is involved in the polymerisation reaction. It breaks open to al-
low ethene molecules to join together to form a single product, so it is an example of an addition reaction. Poly(ethene) is an addi-
tion polymer. 



Uses of polymers 
Different polymers have different properties. This means that different polymers have different uses. 

Combustion 
Waste polymers can be incinerated. 
This involves combustion at very high 
temperatures. Incineration releases a 
lot of energy which can be used to 
heat homes or to generate electrici-
ty. 

Recycling 
The use of landfill and incineration wastes valuable re-
sources. Crude oil is the raw material for making most 
polymers, and it is a finite resource. Recycling reduces 
the problems of disposal, and also reduces the volume 
of crude oil used. 
Recycling involves: 
 melting the waste polymer 
 forming the polymer into a new product 
However, different polymers must be separated from 
each other first. This can be difficult and expensive to 
do. 

Problems with polymers 
One of the useful properties of poly-
mers is that they are unreactive. 
This means they are suitable for 
storing food and other substances 
safely. Unfortunately, this property 
makes it difficult to dispose of poly-
mers. 
Not biodegradable 
Most polymers, including poly(ethene) 
and poly(propene) are not biode-
gradable. This means that microor-
ganisms cannot break them down, so 
they: 
- cause a litter problem if disposed 
of carelessly 
- Last for many years in landfill sites. 
Suitable places for landfill sites are 
difficult to find. Space in landfill 
sites is wasted if it is filled with non-
biodegradable polymers. 

Polymer Properties Uses 

Poly(ethene) 'polythene' Flexible, cheap, can be made into thin films Carrier bags, shampoo bottles, food wrap 

Poly(propene) 'polypropylene' Flexible, strong, resists shattering Buckets, bowls, crates, ropes, carpets 

Poly(chloroethene) 'PVC' 
Tough, electrical insulator, can be made hard 
or flexible 

Insulation for electrical wires, windows, gutters, 
pipes 

Poly(tetrafluoroethene) 'PFTE' Slippery, chemically unreactive Non-stick coatings for pans, containers for labora-



Biological polymers 
Biological polymers are made naturally by living organisms. 

DNA 
DNA is a polymer made from four 
different monomers, called nucleo-
tides. These join together in dif-
ferent combinations to make long 
strands. In a DNA molecule, two 
strands wrap around each other to 
form a double helix structure. 

Proteins 
Proteins are polymers 
made from different 
monomers, called amino 
acids. These join togeth-
er in different combina-
tions to make long 
strands, which then fold 
into complex shapes. 

Starch 
Starch is a polymer made from sugar 
monomers. Starch molecules contain 
many glucose molecules, joined to-
gether in long chains with branches. 
 



Condensation polymers - Higher 
Condensation polymers form in a different way to addition polymers like poly(ethene). Instead of forming just the polymer molecule 
as the only product, two products form: 
- a polymer molecule          - a small molecule, often water 
One type of condensation polymers are polyesters. 
Addition polymerisation needs one type of monomer and forms one product. To form polyesters, condensation polymerisation 
needs two types of monomer and forms two products. 

Forming polyesters 
A polyester forms from two different monomers: 
- a 'dicarboxylic acid' which contains two carboxylic acid groups, –COOH 
- a 'diol' which contains two alcohol groups, –OH 

For example, PET is a polyester made from 
terephthalic acid and ethane-1,2-diol. It is 
used to make drinks bottles and fleece cloth-
ing. 
 
 
 

Notice that: 
 both ends of each monomer molecule 

have a functional group, so can react with 
another monomer molecule 

one molecule of water is formed every time 
an ester link is formed 
 
 
 
 

Forming esters 
An ester forms when an alcohol reacts 
with a carboxylic acid. For example: 
Ethanol + ethanoic acid —> ethyl ethanoate 
+ water 
CH3CH2OH + CH3COOH —> 
CH3COOCH2CH3 + H2O 

Ethyl ethanoate is an ester. Notice that 
one water molecule forms for each ester 
molecule made. 


