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A .  d ef i n i t i on  

Polymers are very large molecules composed of large 

numbers of small molecules known as monomers. 

B .  C ondens at i on  Pol y mer i sat i on  

It is an addition reaction followed by elimination of small 

molecules (Can be H2O or HCl), resulting in a bond of the 

different functional groups. 

Several types of condensation polymer, includes; 

1. Polyamides 

Polyamide is made from a reaction between 

an amine group and a carboxylic acid (or acyl) 

group resulting in the formation of an amide 

bond (-CONH) between monomers. 

 

Example of a biochemical polyamide:  

 Proteins 
-  Large protein molecules are composed of 

many amino acids that are bonded to each 

other through an amide bond (Peptide bond). 
-  The peptide bond can be formed by a 

condensation reaction between the carboxylic 

functional group (-COOH) with the amine 

functional group (-NH2), resulting in the 

elimination of H2O and a -CONH bond. 
-  Proteins are made of one or more polypeptide 

chains.  
-  An amino acid within a polypeptide is called an 

amino acid residue.  
-  Structure of proteins: 

 
1. Primary structure 

Order in which amino acids are linked together. 

The dominant interaction in the primary 

structure is covalent bonding (through 

peptide link). 

 

2. Secondary structure 

- ∝ helix 

The backbone of a polypeptide chain of a 

protein twists in a spiral to form a rod like 

structure and each -NH and -C=O bond are 

involved in hydrogen bonding.  

- 𝛽-pleated sheet 

Hydrogen bonds are formed between -NH and 

-C=O groups in different polypeptide chains. 

The dominant interaction in the secondary 

structure is hydrogen bonding. 

 

3. Tertiary structure 

Involves folding the polypeptide chain which 

determines the 3-D shape of a protein 

primarily through the side chains of amino  

 

 

acids.  Dominant interactions in the tertiary 

structure include: 

a.  disulfide bridges (S-S covalent bond) 

b. weak Van der Waals forces 

c. weak hydrogen bonds 

d. ionic bonds/electrostatic attractions 

Proteins can be hydrolyzed by refluxing with strong 

acid/base, forming its amino acid monomers. Acidic 

hydrolysis results the amine group of an amino acid to 

react with excess acid to form -NH3
+ while basic 

hydrolysis results the carboxylic group to lose protons 

and form -COO- 

Example of synthetic polyamides: 

 Nylon 
-  Can be made from a monomer containing 

both carboxylic acid and amine group or a 

diamine and a dicarboxylic acid.  
-  For example, reaction of hexane-1,6-diamine 

with hexanedioic acid to form Nylon 6,6. 
- Characteristics: Low density, strong, and 

elastic.  

- Its high tensile strength and elasticity is due to 

the hydrogen bonding between neighboring 

nylon polymer chains 

- Uses: Fibre in clothing, can be used for 

climbing ropes, etc. 

 

 Kevlar 

- Made from benzene-1,4-dioic acid and 

benzene-1,4-diamine 

- Characteristics: Very strong, flexible, fire and 

abrasion resistance. 

- Like nylon, its strength is due to the extensive 

hydrogen bonding between polymer chains of 

Kevlar. 

- Uses: Gloves, bulletproof vests, jackets, 

reinforcement in rubber materials, etc. 

 

2. Polyesters 

Condensation Polymers composed of 

monomers with a carboxylic acid and 

hydroxy/alcohol group, resulting in an ester 

bond between the two functional group (-

COOR-) 

 

 Terylene 

- Made from the reaction of benzene-1,4-

dicarboxylic acid and ethan-1,2-diol with Sb2O3 

catalyst and heat. 

- Characteristics: Strong, elastic, creasing 

resistance 

- Uses: Can be used for fabrics 

 



 

 
 

 PLA (Polylactic acid) 

- Made from lactic acid (2-hydroxypropanoic 

acid) monomer. 

 

C .  Th e  i mporta nce  of  hy drogen  
b ond i ng  i n  DNA  

Structure of DNA: 

 DNA is important in making copies of itself, 
So that the genetic information can be passed 
on through generations and forming genetic 
codes used for protein synthesis. 
  

 DNA is made of nucleotides which consists of a 
deoxyribose sugar, a phosphate group 
(attached by a phosphoester link to 
deoxyribose), and nitrogen bases 
 (Adenine, Guanine, Thymine, Cytosine).  
 

 DNA consists of a double helix made up of two 
strands intact from the hydrogen bonding 
between the nitrogen bases. 
 

 Each strand of DNA has a backbone of 
alternating sugar and phosphate units.  
 

 Two strands run in opposite direction to the 
other, twisting to form a double helix, and 
linked to each other by a nitrogen base pair. 
The base pair is always Adenine with Thymine 
and Cytosine with Guanine.  
 

 Hydrogen bonds between bases and Van der 
Waals force between base pairs keeps the 
DNA structure stable. 
 

DNA Replication: 
 

 This is the process of copying DNA during cell 
division where van der waals forces between 
base pairs are broken and part of the double 
helix unwinds. 
 

 New strands contains sequence of bases 
complementary to the original strand. 
Particular section of the DNA chain store the 
information as a sequence of bases when 
decoded enables synthesis of particular 
proteins. 

 

D .  D es i g n i ng  u sef u l  pol y mers  

Low density and high density Poly(ethene) 

 LDPE is the first type of polyethene formed. Its 
low density is due to the fact that the chains 
are heavily branched hence the Van der Waal 
forces between the non-polar polymer chains 
are weak.  

 
 HDPE meanwhile has high density due to the 

fact that it consists straight, unbranched 
polymer chains that can pack together which 
causes strong Van der Waals forces between 
the chains. HDPE is a stronger plastic with high 
melting temperature that can be used in water 
pipes and containers that can be sterilized 
with boiling water.  
 

 These examples demonstrate importance of 
intermolecular forces in the properties of a 
polymer. Besides these examples, there is a 
process known as vulcanization which makes 
rubber tyres more resilient. This involves 
linking rubber polymer chains with strong 
covalent bonds known as the sulfur bridge. 

Non-solvent-based adhesives 

 These are glues independent on organic 
solvents which can cause pollution. The main 
component is a polymer containing silicon 
bonded to an oxygen. The adhesives set by 
reaction with moisture in air. Water then 
hydrolyses the silicon-oxygen part of the 
polymer. 

 Si-O-Si- cross linking between the polymers 

 The polymers are called silyl modified 
polymers (SMPs) which are non-toxic and 
environmental friendly.  
 

Adhesive polymers that form extensive networks 
through cross linking are known as thermosets.  
Example of thermosets are epoxy resins that can be 
made from epoxy and diamine monomers 

 
 
e .  D egrad abl e  pol y mers  

Most polymer wastes made up of polyalkenes, are an 

issue on the environment. This is because they are 

chemically inert as the polymer chains are non-polar and 

saturated. This makes them non-degradable.  

This is why, the existence of degradable polymers is 

important. 

Example of a degradable polymers: 

 Biodegradable plastics 

- When some polymers are buried for many 

years, they eventually break into smaller 

molecules which are decomposable by the 

microorganism in the soil.  

- Polyamides like nylon can be broken down 

through hot acidic hydrolysis of the amide 

bond between the repeat units in land-fill 

waste dumps with rotting vegetation.  
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- This will produce carboxylic acid and amine, 

which the latter can react with excess acid to 

form ammonium salts. 

- Polyesters like PLA (Polylactic acid) can be 

broken through by acidic hydrolysis forming 

alcohol and carboxylic acid.  

- The raw material of PLA is starch from crops. 

PLA also used as an alternative to oil based 

polymers 

 

 Photodegradable plastics 

- In this case, carbonyl groups (-C=O) of a 

polymer chain absorb energy from UV region 

of the electromagnetic spectrum, causing the 

bonds in the region of the carbonyl to weaken 

and break down 

 

 Conducting Polymer 

- A polymer made from the molecule ethyne 

(C2H2) can conduct electricity.  

- The polymer formed has geometrical isomers, 

cis and trans.  

- The reason why poly(ethyne) can conduct 

electricity is due to the fact that the 𝜋 bonding 

is spread through the polymer chain, hence 

electrons are delocalized within the 

overlapping p orbital.  

- Besides poly(ethyne) there are other examples 

of conducting polymers such as 

poly(phenylene) and poly(pyrrole).  

- Conducting polymers usually have other 

substances such as I2 to improve electrical 

conductivity in a process called doping. 

 

D .  Pol y mer  dedu ct i on s   

1. How to predict that a polymerization reaction goes 

by addition or condensation? 

 

 If it goes by addition: 

The monomers contain a C=C double bond. 

E.g:  

Ethene as the monomer of Poly(ethene), 

reacts by addition polymerization. 

 

 If it goes by condensation:  

Made from one monomer with two different 

functional group or two different monomers 

(each containing two of the same functional 

group).  

The functional groups involved should be able 

to react and give off small molecules. 

E.g:  

amine (-NH2) with carboxylic acid (-COOH), 

alcohol (-OH) with acyl chloride (-COCl).  
 

2. How to identify the repeat unit of a polymer for 

given monomers? 

 

 If it is an addition polymer: 

Turn the C=C double bond into a C-C single 

bond, show the bonds of either sides of the 

two carbon atoms that would continue the 

chain. 

E.g: 

 

 

 

 

 

 If it is an condensation polymer:  

Combine the two different functional groups 

of the monomers and remove the atoms at 

both ends. 

E.g: 

 

  

 

3. How to identify type of polymerization reaction for 

the formation of given repeat units? 

 

 If it is an addition polymer:  

The repeat units have no functional group in 

the chain of carbon atoms that form the 

backbone of the polymer. 

 

 If it is a condensation polymer: The repeat 

units have either an amide (-CONH) or ester  

(-COOR) link 

 

E .  EXAMPL E   

1) This is a repeat unit of a certain polymer. What type 

of polymerization does it undergo? 

 

 

 

 

 

 

2) Draw two repeating units of polyethene!  
3) Deduce the monomers of the repeat unit below!  
 

 

A.P 

C.P 
+ 

3 



 

 
 

 

f .  S OL U T I ONS  

1. The repeat unit has no -COOR or -CONH bond, 

therefore it undergoes addition 

polymerization 

2. Two repeat units means that in one section 

you need to draw the repeat units twice. 

The drawing will going to look like this : 

 

 

 

3. The monomers are:  

 

 

 

             OR                 and                            
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