
 



  

Materials are chosen to do a particular job because of their properties. Scientists are able to explain why different molecules 
behave in different ways using their knowledge of molecules. Using this knowledge, scientists are able to design new 
materials with the right properties to meet everyday needs. Organic polymers play a crucial role in living things, providing 
basic structural materials and participating in vital life processes. It is vital we understand how polymers are made in order 
to determine our biochemical makeup, as well as being able to create synthetic products that we use every day. 
 

Synthetic (man-made) materials are ones we use every day and often take for granted. These synthetic materials are usually 
polymers and have been made using chemicals and chemical reactions. Many polymers are often called ‘plastic’ but the 
word ‘polymer’ is more useful as it tells us how the molecule has been made. Polymers are molecules that have long chains 
of repeated links. The focus of this unit is the different types of manufactured polymers there are in industry, including 
addition polymers and condensation polymers. It is important to be able to identify addition polymers from polymer and 
monomer diagrams and be able to draw the monomer from the polymer and the polymer from the monomer. Within the 
unit you will also learn about natural polymers, including polysaccharides, proteins, and DNA. You will be able to identify 
the types of monomers that form these polymers, and be able to describe the basic structure of DNA, plus how amino-acids 
link together to form a protein polymer. 
 

You should already have a good understanding of the structure of carbohydrates, proteins and fats. You will find 
more information on these here: 
https://www.bbc.co.uk/bitesize/guides/z8wsgk7/revision/2 
https://www.bbc.co.uk/bitesize/guides/z8wsgk7/revision/3 
https://www.bbc.co.uk/bitesize/guides/z8wsgk7/revision/4 
 
You should know that there are different types of bonding, and what happens in each of these. You'll find more 
information on these here: https://www.bbc.co.uk/bitesize/articles/z4yk8xs  
 
A good understanding of the structure of different types of molecules will be very helpful in understanding this 
topic. You can find information on alkenes, alkanes, alcohols and carboxylic acids and esters here: 
https://www.bbc.co.uk/bitesize/topics/zx7mn39 
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Structure determines properties 



  

2. Elements in group 1 react easily with elements in group 7. Why is this? 
£ A. Because they are able to form very strong ionic bonds   
£ B. Group 1 elements have 1 outer electron that they can donate easily to group 7 as these elements 

need to gain 1 to have a full outer shell of electrons 
£ C. Group 1 elements are the first column in the periodic table as they are the most reactive elements 
 

3. When many glucose molecule bond together they can form a storage molecule in 
humans. What is the name of this storage molecule? 
£ A. Carbohydrate 
£ B. Starch 
£ C. Cellulose 
 

1. How are carbon and hydrogen bonded together? 
£ A. Hydrogen bonding 
£ B. Ionic bonding  
£ C. Covalent bonding 

4. Crude oil produces long-chain molecules. What are these molecules? 
£ A. A mixture of molecules of different sizes made up of carbon 
£ B. Similar-size molecules made up of carbon and hydrogen 
£ C. A mixture of molecules of different sizes made up of carbon and hydrogen 



5. What does cracking produce? 
£ A. An alkene and an alkane  
£ B. Two alkanes  
£ C. It depends on the molecule being cracked as to whether it is an alkene and alkane or two alkanes  
 

6. What is the name for the process used to break large hydrocarbon molecules into 
smaller more useful hydrocarbons? 
£ A. Fractional distillation 
£ B. Cracking  
£ C. Combustion 

7. A functional group of -OH makes an organic compound a member of what homologous 
series? 
£ A. Alcohols 
£ B. Carboxylic acids  
£ C. Alkenes 
 

8. What is a saturated hydrocarbon molecule? 
£ A. A molecule in which all of the carbon-carbon bonds are single covalent bonds 
£ B. Alkanes  
£ C. A molecule which contains carbon=carbon double covalent bonds 
 

9. What is the correct series of prefixes denoting number of carbon atoms (starting at 1, 
ending at 4) 
£ A. Alkane, alkene, alcohol, carboxylic acid 
£ B. Mono-, Di-, Tri-, Quad-,  
£ C. Meth-, Eth-, Prop-, But- 

10. Hydrocarbons are molecules which contain….? 
£ A. Water and Carbon only 
£ B. Hydrogen and Carbon only 
£ C. Carbon 



  

If you answered A you are correct that glucose is a carbohydrate and two glucose 
bonded together forms a larger carbohydrate therefore. However, this answer calls for a 
more specific response. If you answered cellulose you have mixed up the storage 
molecules in animals and plants (cellulose is the storage molecule in plants). State the 
polymers of several: amino acids; fatty acids + glycerol; glucose (in plant and animals). 
If you answered A you are aware that crude oil is made up of different sized molecules, 
however you are unclear of what the molecules are made of (they are hydrocarbons). If 
you have answered B you are aware that the molecules are hydrocarbons but they 
cannot be similar sizes as crude oil produces many different products. Crude oil is made 
of hydrocarbons of different sizes. If you answered A or B, read the following 
(https://www.bbc.co.uk/bitesize/guides/zshvw6f/revision/1)  and then explain what 
fractional distillation is. 
 

If you answered B or C you are confused about cracking hydrocarbons: cracking produces an 
alkane (molecule with all single bonds) and an alkene (molecule with a double bond). The double 
bond in the alkene can be broken to create polymers.  

If you answered B or C you have mistaken the correct functional groups, Alkenes 
have a functional groups comprising a C=C bond and carboxylic acids have a 
functional group of -COOH. Read the following on alcohols 
(https://www.bbc.co.uk/bitesize/guides/z3v4xfr/revision/3) and draw a molecule of 
ethene, ethanol and ethanoic acid. 

If you answered A you have confused cracking for fractional distillation, in fractional distillation a 
mixture of hydrocarbons is separated, in cracking large hydrocarbons are broken into smaller 
hydrocarbons. If you answered C you have confused cracking for combustion, the scientific word 
for burning, energy can be released from hydrocarbons by combustion.  

Alkenes are saturated hydrocarbons, if you answered you have confused this with the 
definition of saturated hydrocarbons. A saturated hydrocarbon has all carbon-carbon 
bonds as single covalent bonds, this means they contain as many hydrogen atoms as 
possible per molecule. 
 
If you chose A, you are confused about the homologous series – these are families of 
hydrocarbons which contain the same functional group. If you chose C, you have 
forgotten the prefixes which denote how many carbon atoms in a hydrocarbon. Read 
the following (https://www.mnemonic-device.com/chemistry/maggie-enjoys-
pacifiers-bottles/) and come up with your own mnemonic device to remember the 
first 4 alkanes. If you answered A you have taken “hydro-” at the start of hydrocarbon to mean water as in 
“hydroelectric”. In hydrocarbon, “hydro-” refers to hydrogen. If you answered C, you may 
have confused hydrocarbons with the idea of ‘organic chemistry’ which is the study of 
compounds which contain carbon, hydrocarbons are in this field of chemistry.  

If you answered A you are aware that ionic bonds are very strong, however this is not 
the reason group 1 and group 7 elements react together so easily. Only once they have 
reacted will their bonds be strong. If you answered B, you are correct! If you answered 
C you are confused as to why the periodic table is arranged the way it is. You need to 
revise the organisation of the periodic table.  
 

If you answered A or B you are unclear as to which bonding will occur between different 
elements. Ionic bonding occurs between a metal and non-metal only. Hydrogen 
bonding can only occur between two hydrogens, therefore the only correct answer is C. 
If you answered A or B you must revise the three types of bonding listed above. Draw 
the bonding between: oxygen and oxygen, lithium and fluorine and sodium and 
chlorine. 
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Knowledge Organiser 

Addition polymers 
Plastics are materials made from polymers, which are long chain molecules containing covalent bonds. Polymers 
are made by joining monomers together. Monomers have to have a carbon to carbon double bond. This 
happens when one of the bonds in a double bond is broken and the monomer joins to the next one, making a 
long chain. The name of a polymer comes from putting poly- in front of the name of the monomer. This type of 
polymerisation is known as addition polymerisation. Different monomers will give polymers with different 
properties. 

 
 
To represent polymers we use a repeating unit. As the polymers are typically many thousands  
of carbon atoms long we use an n to represent a large number. 
  

             
 
Condensation Polymers 
Other examples of condensation polymers include proteins. These are polymers of amino acids. Amino acids 
contain two functional groups, a carboxyl group and an amino group. Below is the diagram of two amino acids, 
alanine and glycine: 

 



 
  

 
 
The carboxylic acid can react with the amino group on another amino acid molecule. This will form a peptide 
bond and as this reaction continues a large polypeptide or protein will form. 

 
 

Proteins form molecules like enzymes, haemoglobin and a wide variety of body tissues.  

 
 
DNA 
DNA is made up of a nucleotide strands with bases to form the double helix structure. The nucleotide strands 
(sugar phosphate backbones) are condensation polymers. 

 
Sugars can also form condensation polymers. For example glucose can be stored as glycogen, a polymer. Plants 
also make a polymer called cellulose to make their cell walls 

 



  

Polymers 
Hydrocarbons collected from fractional distillation of crude oil go on to be used in 
a great range of products we use every day, among the most common of these is 
plastics. Plastics are made up of a group of large molecules called polymers – 
molecules made up of lots of small molecules connected one after the other in a 
long chain. The small molecules which polymers are made of are called 
monomers (the prefix mono- means ‘one’, and the prefix poly- means ‘many’). 
Plastics are made up of polymers that are long chains of certain molecules 
collected from crude oil, in this situation the monomers are the molecules from 
crude oil. 

https://www.bbc.co.uk/bitesize/guides/zyfgmnb/revision/1 
 
https://www.savemyexams.co.uk/gcse-chemistry-edexcel-new/revision-notes/polymers/addition-
polymerisation/ 

Polymerisation of Alkenes 
Monomers of alkenes collected from fractional distillation of crude oil are joined 
together into polymers by a process called addition polymerisation. In 
addition polymerisation of alkenes the double bond between two of the carbon 
atoms opens up for a single covalent bond to form between the original 
neighbouring carbon atoms allowing each carbon atom to form a new single 
carbon-carbon covalent bond with another monomer of the alkene. Thousands of 
monomers can join end to end in this way to make a long polymer. Below is an 
example of addition polymerisation with the alkene ethene. To name polymers we 
simply add ‘poly’ in front of the name of the monomer in brackets for example 
poly(ethene) or poly(propene). 

To the right is a shorter way of drawing a 
polymer. The formula in brackets 
represents the repeating units that make 
up the polymer. The number of 
monomers in the polymer could be a very 
large number, to save us drawing the 
repeating units many times we use ‘n’ to 
show many molecules of the monomer 
there are in the polymer. 
In addition polymerisation the repeating 
units have the same atoms in the formula 
as the monomer, this is because when the 
double C=C bond breaks to form single 
bonds, no new molecule is formed. 

Lesson 1: Addition 
polymerisation 



  



 
  



 

1. Which of the following is the correct balanced equation for the polymerisation of 
ethene to form poly(ethene)? 

£ A.  

£ B.  

£ C.      

3. Which statement about plastics is the most accurate? 
£ A. Plastics are made up of very large, ionically bonded molecules called polymers 
£ B. Plastics are made up of very large, covalently bonded molecules called polymers  
£ C. Plastics are very large molecules made up of monomers covalently bonded together 
 

If you answered A you didn’t notice the C=C double bond in the polymer, in addition polymerisation, 
this bond opens up to a C-C single bond. 
If you answered C you missed the ‘n’ before the monomer, ‘n’ represents the number of monomers that 
are in the polymer, there will be the same number before and after the reaction.  
Fix-it: Draw a general equation for ‘n’ number of pentene monomers polymerising to poly(pentene) 

2. Why are the atoms of the repeating unit in addition polymers the same as in the 
monomer? 
£ A. Because no other molecule is formed due to the C=C double bond opening up 
£ B. Because the repeating unit doesn’t have any extra atoms in its formula 
£ C. Because the C-C single bond means there are spare bonds to be made between monomers so no 

other molecule is formed 



 
 
 
  

 Structure General Structure 
Ethanediol (a diol) 

  
Hexanedioic acid (a 
dicarboxylic acid)   

How is Condensation Polymerisation Different to Addition Polymerisation 
In addition polymerisation the only product of the reaction between monomers is the polymer itself. The same is 
not true in condensation polymerisation in which there are two products of the reaction of monomers. The 
main product is the polymer itself, but there is an additional small molecule produced – usually water (H2O) or 
hydrogen chloride (HCl). Another significant difference in condensation polymerisation is that it involves two types 
of monomer each with two of the same functional group (one on each end of the molecule). The small additional 
product produced is a result of the reaction between the functional groups of each monomer which binds the 
monomer together. 

Polyesters are formed by Condensation Polymerisation 
An ester is formed when an alcohol (which contain one -OH functional group) and a carboxylic acid (which 
contain one  
-COOH functional group) react to give an ester plus water. Forming a polyester is similar to this except to form 
repeating units (necessary for a polymer) the alcohol monomer must have 2 -OH groups (one on each end) – this is 
known as a diol, and the carboxylic acid monomer must have 2 -COOH groups (also one ate each end) – this is 
known as a dicarboxylic acid. 
The links that form between each of these monomers during the polymerisation are known as ester links, a water 
molecule is also given off as each of these ester links forms. 

Above is a table showing the structures of ethanediol and hexanedioc acid on the right and the general structures 
for diols and dicarboxylic acids on the right. To use these general structures you would put the formula for an 
alkene into the empty box. 
Below is the general reaction between a diol and a dicarboxylic acid to form a polyester. The letter ‘n’ represents 
the number of each molecule. This reaction follows the general equation to make polyester:  
a diol  +a dicarboxylic acid ® a polyester + water 

To use the general equation, work out the smallest part of the polymer chain which can be drawn again one 
after the other to make a complete molecule of the polymer. put this part in brackets, as above. 

Lesson 2: Condensation 
polymerisation 



  

Below is the specific reaction of monomers ethanediol and hexanedioic acid, note how it follows the 
general formula above. 

Lesson 2: Condensation 
polymerisation 

https://www.savemyexams.co.uk/gcse-chemistry-aqa-new/revision-notes/organic-chemistry/synthetic-
natural-polymers/condensation-polymerisation/ 



 
 
 
 
  

Ethanediol reacts with butanedioic acid to produce a polyester and a small molecule. 

Figure 2 shows the structural formula of ethanediol. 

Name the functional group present in ethanediol. 



 
  

Q2 Compare and contrast addition and condensation polymerisation. 

Figure 3 shows the structural formula of butanedioic acid. 

Name the small molecule produced when ethanediol reacts with butanedioic acid. 

Q2. Compare and contrast addition and condensation polymerisation. 



 
  

Addition Polymerisation Condensation Polymerisation 
Requires one monomer that must contain a C=C 
bond 

Usually involves two monomers, each must have 
two copies of a functional group – one on each side 

No additional molecules are produced An additional molecule is produced, usually H2O or 
HCl 

Q2 Compare and contrast addition and condensation polymerisation. (4) Q2. Compare and contrast addition and condensation polymerisation. 



  

If you chose A you have confused condensation polymerisation for addition polymerisation – monomers 
in condensation polymerisation must each have two functional groups – one on either end of the 
molecule, these functional groups are the part of the molecule that change to form a link between 
molecules.  
If you chose B you have confused general condensation polymerisation with a specific type – polyesters. 
Condensation polymerisation is a general name for a reaction which includes the formation of polyesters. 
For condensation polymerisation to occur.  
Fix-It: Draw an equation showing the reaction of hexanediol and propanoic acid into a polyester, use 
their displayed formulae. 

2. What is the general equation to make a polyester? 
£ A. a diol + a dicarboxylic acid ® a polyester + water  
£ B. a diol + a dicarboxylic acid ® a polyester 
£ C. an ester monomer + an ester monomer + etc. ® a polyester  
 

3. What are the requirements of monomers for condensation polymerisation to take 
place? 
£ A. There are two different monomers and each must have the same functional group as the other 
£ B. Usually there are two different monomers but each must have two of the same functional group 
£ C. There is only one type of monomer and it must contain a C=C double bond 
 

1.  Which statement about condensation polymerisation is true? 
£ A. C=C double bond in alkenes open up to form single bonds with neighbouring alkene monomers 
£ B.  In condensation polymerisation a diol reacts with a carboxylic acid to form a repeating unit of a 

polymer plus water. 
£ C. The functional groups of two different monomers join to form a repeating unit of the polymer, 

producing an additional small molecule 
 



  

Naturally occurring polymers can be found in all living things. All proteins are polymers of amino acids 
and are vital for life. Two examples are ones you have seen before: starch and cellulose. Both starch and 
cellulose are polymers of sugars. 
 
Making polysaccharides from sugars 
Glucose is a monosaccharide (made from one sugar unit), as is fructose – a low-calorie alterative to 
glucose. Glucose is made up of a 6-carbon ring structure whereas fructose has 5-carbons. 
Monosaccharides are joined together to make larger molecules. The different monosaccharides used will 
determine the polysaccharide formed. When two monosaccharides are joined together this is a 
condensation reaction, producing water. Polysaccharides can be made from thousands of sugar 
monomers. The process of two monosaccharides joining is called condensation polymerisation 
 
Starch 
A water molecule is lost when each bond is made. This is called a glycosidic bond. Starch is made up 
from up to 1500 glucose monomers arranged in branched chains.  
 

 + water 
Cellulose 
Again, this is a condensation reaction so water is lost when each condensation reaction occurs. Cellulose 
is made up from around 10000 glucose monomers in straight chains. This means they can line up neatly 
next to each other, forming stronger intermolecular forces between the polymer chains than those in 
starch. 
 

+ 3 water 
 

Lesson 3: Natural polymers 



  

HIGHER 
Amino acids 
Monomers of proteins are called amino acids. These have two functional groups: the amine group – NH2 
and the carboxylic acid group – COOH). 

 
 
Amino acids react by condensation polymerisation to produce polypeptides. Different amino acids can be 
combined in the same chain to produce proteins. When two amino acids join together a condensation 
reaction occurs where water is lost and a peptide bond is formed. An example of two peptide bonds 
forming between three amino acids is below: 

 

 
Different amino acids can be combined in the same chain to produce proteins. There are about 20 
different amino acids that polymerise (join together) in a variety of sequences to make more than 10000 
proteins in your body. Each different amino acid monomer is given a 3-letter abbreviation when listing 
their sequence in a protein (e.g. GLY – glycine). 

 
 
 
 
 
 
 
 
 
 
 

https://www.bbc.co.uk/bitesize/guides/z3v4xfr/revision/7 
https://www.bbc.co.uk/bitesize/guides/z3v4xfr/revision/8 
https://www.bbc.co.uk/bitesize/guides/z3v4xfr/revision/9 
 
 
https://www.bbc.co.uk/bitesize/guides/z3v4xfr/revision/9 

Lesson 3: Natural polymers 



 

Exam questions 

 
 
 
 
 
 



 
  

Exam questions 

 



 

2. What happens when two glucose molecules are joined together? 
£ A. A condensation reaction where water is lost  
£ B. A condensation reaction where water is gained  
£ C. A condensation reaction forming a peptide bond 

3. A condensation polymer is made from two monomers. One of the monomers has two -
COOH groups in its molecules. The other monomer has two -NH2 groups in its 
molecules. Which one of the following is the polymer? 
£ A. DNA  
£ B. Starch  
£ C. A protein (polyamide)  
 
 

1. What is a polymerisation reaction? 
£ A. Two sugar monomers joining together to make a polymer 
£ B. Any two monomers joining together to make a polymer  
£ C. When two smaller molecules join together to make any larger molecule, called a polymer  
 

If you answered A you said that a polymerisation reaction only involves two sugar molecules. The process of 
two sugar molecules joining together is a polymerisation reaction, however polymerisation occurs when any 
two molecules join together to form a larger molecule. To fix-it, write down the definition of polymerisation 
and give an example of polymerisation between two sugar molecules and two amino acid molecules 
 
If you answered B you said that polymerisation only occurs between two monomers. In fact, polymerisation 
can occur between two monomers, one monomer and a polymer or two polymers. Any two smaller molecules 
joining together to create a larger molecule is polymerisation. To fix-it, write down the definition of 
polymerisation and give three example of polymerisation between different sixed molecules. 
 
If you answered C, well done! You are correct. To improve further, draw the structural formula for the 
polymerisation reaction between glucose and fructose, and the reaction between lycine and and glycine. 
 



  

Lesson 4: DNA Lesson 4: DNA 

DNA is an important natural polymer that is essential for life. It enables living things to develop and 
function. DNAs structure contains a genetic code that determines the different amino acid sequences of 
every protein in the body. The genetic code can be copied to make protein molecules with exactly the 
same sequence of amino acids. 
 
Nucleotide monomers of DNA 
DNA is made by the condensation polymerisation of repeating units of monomers called nucleotides. So 
DNA is known as a polynucleotide. 

Millions of nucleotides à DNA (a polynucleotide) + water 
 
Structure of DNA 
DNA consists of a double helix made up of two long polymer strands of nucleotides. A nucleotide is a 
sugar (deoxyribose), bonded to a phosphate group and a base. The phosphate and sugar molecule form 
a sugar-phosphate backbone of the DNA strand. There are four possible bases that bond to the sugar 
(the bases are A, T, C, and G). 
 
The two strands of nucleotides run in opposite directions to each other. They are held in place by the 
intermolecular forces down the length of each polymers strand. There are four different nucleotide 
monomers that can react with each other to form DNA polymers. 
 
Below shows a simplified (flattened) structure of part of the DNA molecule. You can see how each 
nucleotide is bonded to another via covalent bonds. One strand of joined nucleotides is attached to 
another strand by intermolecular forces (illustrated by dotted lines). They twist together forming a 
double helix. 

          
 
 
 
 
https://www.bbc.co.uk/bitesize/guides/z36mmp3/revision/1 
https://www.bbc.co.uk/bitesize/guides/zs43jty/revision/2 
https://www.savemyexams.co.uk/notes/igcse-biology-cie-new/4-biological-molecules/4-3-dna-
structure/ 
 



 

2. How are two nucleotides joined together? 
£ A. Intermolecular forces 
£ B. Hydrogen bonds 
£ C. Covalent bonds 

3. A nucleotide is a monomer of DNA. What is a nucleotide? 
£ A. A sugar-phosphate backbone with base attached to each sugar molecule 
£ B. A sugar molecule, phosphate group and a base (A, U, C or G) 
£ C. A sugar molecule, phosphate group and a base (A, T, C or G)  

 
 

1. What is DNA? 
£ A. Many nucleotides joined together forming a strand; this attaches to another similar strand with 

intermolecular forces 
£ B. A strand consisting of a sugar-phosphate backbone with bases attached to each sugar molecule 
£ C. A series of bases coding for different amino acids 

If you answered A, well done! You are correct. To improve further, draw a structural molecule of double-stranded 
DNA with the correct base pairs. 
 
If you answered B, you said that DNA consists of one single strand of a sugar-phosphate backbone with bases 
attached. This actually forms just one of the DNA strands; DNA is double stranded so each base hydrogen bonds with 
its complementary base pair on another DNA strand. The two strands then coil around each other forming a double-
helix. To fix-it, draw the structural formula of a double-strand of DNA, labelling all the relevant components.  
 
If you answered C, you said that DNA is formed of a series of bases which code for amino acids. DNA is formed of 
nucleotides (which contain a sugar, phosphate group and a base). DNA can be unzipped to be used as template to 
form a protein and it is then that the bases would be used to code for specific amino acids. However, DNA itself just 
codes the genetic make-up of the cell. To fix-it, draw the structural formula of a double-strand of DNA, labelling all 
the relevant components. 
 


