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Part Three:
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Organic Chemistry

What are
macromolecule
or polymers?

1 In everyday life we
encounter macromolecules
or polymers in the form of
plastics.
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Uses of Polymers

1 Walk around NYGH and
take photographs of
different object that are
made from polymers
(plastics).

1 Upload the photographs
Into the shared document,
clearly stating what the
object is and why it is
suitable to make it from a
polymer (plastic).
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Organic Chemistry

Uses of Polymers

1 Polymers are macromolecules (giant covalent structure).
1 Polymers are good electrical and thermal insulators.
{ Polymers are resistant to corrosion.
1 Polymers are insoluble in polar solvents such as water.
{ Polymers can be molded into different shapes.
{ Polymers are durable.
1 Polymers have a high strength to weight ratio.

1 Polymers are low cost and easy to manufacture.
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Uses of Polymers

1 Uses of Plastics: Describe some of the various
everyday uses of plastics.

1 Thinking of Alternatives: Instead of using plastic,
what other material could be used for the same
application?

{ Compare and Contrast: Which is the better material
for the given application? What are the advantages and
disadvantages of using a plastic?

{ Final Thoughts: Are there any applications which only
a plastic is suitable for?






Organic Chemistry

Polymers

A macromolecule or polymer is a chemical compound,
consisting of many repeating units, that has been created
through the process of polymerisation.

{ During polymerisation, many thousands of small
molecules, called monomers, join together to form a
polymer.

1 The word polymer is derived from the ancient Greek
words polus (meaning many) and meros (meaning parts).
Hence the term polymer literally means many parts.

1 Polymers have very high relative molecular masses.
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Polymers

1 How do these two models represent the
concept of polymer?
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Classification of Polymers
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Classification of Polymers

[ Polymers }
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Classification of Polymers
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Classification of Polymers

[ Polymers }
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¢ Alkenes/ \ and Alcohols / Amines
Condensation Addition Condensation
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Addition Polymers i Made from Alkenes
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Condensation Polymers

Polyester i Made from a Carboxylic Acid and Alcohol
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Addition Polymers

1 When the alkene ethene polymerises, the
polymer that is formed is poly(ethene).

1 Poly(ethene) is used to make products such as
clingfilm and plastic bags.
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B N\ v /H
/C B C\ + /C N C\ + /C B C\
H H H H H H
Ethene

l The C=C bond breaks open..




Organic Chemistry

\C—C N\ v

Ve + /C_C\ + /C_C\

H H H H H H
Ethene

l The C=C bond breaks open..
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...and the fragments join
together to form the polymer.
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Addition Polymers

1 Note: The monomer and addition polymer both have
the same empirical formula (simple ratio of elements).

1 Note: The monomer is a gas at room temperature and
pressure (low melting point and boiling point) while the
addition polymer is a solid at room temperature and
pressure (high melting point and boiling point).

1 Note: The monomer is unsaturated. It will react with
bromine water, causing the bromine water to change
from reddish-brown to colourless. The addition polymer
Is saturated 1 there will be no observed reaction with
bromine water.
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Addition Polymers
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Addition Polymers

1 When the alkene propene polymerises, the
polymer that is formed is poly(propene).

1 Poly(propene) is used to make products such
as plastic bottles.
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H—C H H—C H H—C H
\ / \ / \ /
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Propene
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H\ /H
H—C H H—C H H—C H
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Propene

lThe C=C bond breaks open...
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Addition Polymers

1 When the alkene chloroethene polymerises,
the polymer that is formed Is poly(chloroethene).

1 Poly(chloroethene) is used to make products
such as plastic water pipes.
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Chloroethene

l The C=C bond breaks open..
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\ \ / \ /CI

c=C + c=C + c=C

/ \ / \ / \
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Chloroethene

l The C=C bond breaks open..
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...and the fragments join
together to form the polymer.
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Addition Polymers

1 Note: While most addition polymers are made using a
single type of monomer, it is possible to form an
addition polymer using different monomers:

ci, CH, H H C_ CH, H H
c=¢ + C=C¢ + Cc=C + C=C
CI CH, H H Ci CH, H H




Organic Chemistry

Addition Polymers

1 Note: While most addition polymers are made using a
single type of monomer, it is possible to form an
addition polymer using different monomers:

ci, CH, H H C_ CH, H H
c=¢c + C=C¢ + C=C + C=C
CI CH, H H Ci CH, H H

Gl CHH H G CHH H
C—C—C—C—C—C—C—C
C/ CHH H CI CH;H H
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T What chemical test can be done to determine whether or not
the addition polymerisation reaction is complete?

1 The starting material (monomer) is unsaturated, I.e. it
contains a carbon-to-carbon double covalent bond, C=C.

1 The product (polymer) is saturated, I.e. it only contains
carbon-to-carbon single covalent bonds, Ci C.

1l Test for unsaturation by adding a few drops of bromine
dissolved in water (or an inert organic solvent) to the reaction:

a) If the colour of the bromine fades from reddish-brown to
colourless, then the reaction is incomplete, i.e. C=C present.

b) If the reddish-brown colour of the bromine remains, then
the reaction is complete, i.e. C=C absent.
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Addition Polymers

1 Which monomer is used to make the addition polymer
shown below?

A
C HiC HCH
donlh oA h f

Step 1: Break the carbon chain into groups of two carbon atoms.

Step 2: Draw the fragments that are produced.
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Addition Polymers

1 Which monomer is used to make the addition polymer
shown below?

: : \
S S S &
i e el o
H H H H H H

Step 3: Join the two carbon atoms, that were originally part of
the carbon chain, together with a double covalent bond.
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Addition Polymers

1 Which monomer is used to make the addition polymer
shown below?

N N N
W W\ N\
C H C H C H
\ / \ / \ /
C=C C=C C=C
/ \ / \ / \
H H H H H H

Step 3: Join the two carbon atoms, that were originally part of
the carbon chain, together with a double covalent bond.
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Addition Polymers

1 Which monomer is used to make the addition polymer
shown below?

F F F F F F
—C—C+C—C+C—C
F FF F F F

Step 1: Break the carbon chain into groups of two carbon atoms.

Step 2: Draw the fragments that are produced.
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Addition Polymers

1 Which monomer is used to make the addition polymer
shown below?

F F F F F F
—C—C C—C C—C
F F F F F F

Step 3: Join the two carbon atoms, that were originally part of
the carbon chain, together with a double covalent bond.
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Addition Polymers

1 Which monomer is used to make the addition polymer
shown below?

\ / \ / \ /
C=C C=C C=C
/ \ / \ / \

Step 3: Join the two carbon atoms, that were originally part of
the carbon chain, together with a double covalent bond.
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Condensation Polymers i Polyesters
| Terylene is an example of a polyester.

| Terylene Is used for making clothing and
curtains.

100% POLYESTER
wXACK

Wash deep colours together
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Condensation Polymers i Polyesters

91 There are two different monomers.

Alcohol Carboxylic Acid Alcohol

I I
H—0— - 0-H H—0-C—{lC—0-H H-0— - O—H

{ One monomers contains two alcohol groups.

1 One monomer contains two carboxylic acid groups.

1 Remove a molecule of water from between the alcohol
and carboxylic acid and then join the remaining fragments
together.
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Condensation Polymers i Polyesters

H—0—

Ester Ester

- O—H

Polyester

2
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Condensation Polymers i Polyesters

Alcohol Carboxylic Acid Alcohol
O O

[ [
H—O0— —0-H H—o-C—ll - C—0—H H—0— - 0—H

Ester l Ester

______O_ _O_____
Terylene
A Polyester
+2 H,O
(X
>
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Condensation Polymers i Polyesters

1 Note: While most condensation polymers are made
using two different types of monomer, it is possible to
form a condensation polymer using only one type of

monomer:
H H
P H H
H—0O—-C—C—C @)
TN LAY H H
0-H H-0-C—C—C 0
L o-H
H H
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Condensation Polymers i Polyesters

1 Note: While most condensation polymers are made
using two different types of monomer, it is possible to
form a condensation polymer using only one type of

monomer:
H H
P H H
H—0-C—C—-C o)
TN LA H H
4y 0-H H-0-Cc-Cc-C
L o-H
H H
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Condensation Polymers i Polyesters

1 Note: While most condensation polymers are made
using two different types of monomer, it is possible to
form a condensation polymer using only one type of

monomer.
H H
P H H
H-O0—-C—-C—-C @)
| | \ | l 4 H H
O-H H-0-C-C—C 0
L o-H
l H H
H H
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Hydrolysis of a Polyester

1 Polyesters can be hydrolysed (broken down by water) to
form the original monomers. This is done by warming the
polyester with a dilute agueous acid or alkali.

o[-t - oI+

Step 1: Break the Ci O bond that is attached to the
C=0 group.
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Hydrolysis of a Polyester

1 Polyesters can be hydrolysed (broken down by water) to
form the original monomers. This is done by warming the
polyester with a dilute agueous acid or alkali.

o o L o o«

Step 2: Draw the fragments that are produced after the
Ci O bond has been broken.
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Hydrolysis of a Polyester

1 Polyesters can be hydrolysed (broken down by water) to
form the original monomers. This is done by warming the
polyester with a dilute agueous acid or alkali.

Alcohol Carboxylic Acid Alcohol

I I
H—0— - 0-H H—0-C—{Jll-C—0-H H-0— L 0—H

Step 3: Add water, H,O, to the fragments that are formed.

- Oi1 H is bonded to the C=0 group. This completes the
carboxylic acid functional group, 1 COOH.

- His bonded to the single O. This completes the alcohol
functional group, T OH.
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Condensation Polymers i Polyamides




