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Plastics are examples of materials known as polymers.
e Polymers are long chain molecules formed by joining together a large number of small
molecules called monomers.
e Addition polymerisation is the name given to a chemical reaction in which unsaturated
monomers are joined, forming a polymer.

Name Definition
monomer Small molecules which join together to form polymers
polymer The long chain molecule made by the joining up of monomers
polymerisation | The process where monomers join together to form polymers
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The name of the addition polymer is related to the name of the monomer:
Monomer ethene styrene propene chloroethene

Polymer | poly(ethene) poly(styrene) poly(propene) |poly(chloroethene)
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The structure of a polymer can be drawn given either the structure of the monomer or the
repeating unit
e Arepeating unit is the shortest section of polymer chain which, if repeated, would yield
the complete polymer chain (except for the end-groups)
e From the structure of a polymer, the monomer or repeating unit can be drawn.
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Nat5 Answer Reasoning
T NCi2Hs ||—| NCi2Hs H NCi2Hg
2014
Diagram Showing: —C—C—C—C—(C—(C—
Polymerisation Description
2014 Additi C=C double bonds in monomers join together to form a long chain of
4b Addition rmon C-C single bonds.
Condensation Water molecules are removed as monomers join together to make
ondensatio larger polymer.
TrynEy
2016
Diagram showing: —C—C—C—C—C—C—
2a T T T T
H CeHs H CeHs H CeHs
T T e
2016
c=C ¢ CCC— c=C+ C=C
)] P L
6Hs
H  coocts H H ’ H cns  H  coocrs
4 R
H
2017 C§ The repeating units can be joined fogether and when the brackets
13bqi) T are removed the original polymer is drawn.
- H/
2017 Addition polymerisation usually involves a C=C double bond opening up to leave a C-C single
Additi bond as the monomers join together to form the polymer.
13 b(ii) ITion The C=C triple bond in ethyne opens up to leave a C=C double bond as the monomers join
together to form the polymer poly(ethyne)
2018 Addition reactions involve the opening up of the 2" bond in a C=C double bond and single
) addition bonds being formed on either side. Addition Polymerisation is when the C=C double bond in
20(') the monomer opens up and joins with other monomers to form a long polymer chain.
R
tetrafluoroethene C: C + C: C + C: C
2018 F F F F F F FF F F FF
[ N N lAddiﬁon polymerisation
2a( |~ ¢eete
e AR
poly(tetrafluoroethene) — C— C— C— C— C— C —
R RR R P
|’|| IT' A addition monomer always has the shape: | |
2018 . . . .
c=C The monomer given in the question has four fluorine c=C
2b | | atoms in its corners. The other monomer has four | |
H H hydrogen atoms in its corners.
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Int2

Answer

Reasoning

2003 There are two monomers used to create this polymer. The 15" 2 carbons (from
me A 44 either end) are from an ethane monomer. The 3™ and 4™ carbons have a -CHjs side
14 group making the monomer for this group propene
2004 XA -CH3 and ~-COOCH3 groups must be on the same carbon
Me MB monomer has -CH3z and -COOCHS3 on the same carbon & has a C=C double bond

5 85

[XIC -CH3 and ~-COOCH3 groups must be on the same carbon
XID molecule lacks C=C double bond to be the monomer which joins together

AN

—C—C—C—C—C—C— pome
| ‘ | ' | ‘
2006 H H H
ne COOCH3 COOCHs COOCH;3
A |85 |
& 1oy o
C:C + C: C + C: C monomer
AT
H H H
COOCHs3 COOCHs3 COOCHs3
2007 XA Cannot be a repeating unit as the molecule contains a C=C double bond
MC B 100 MB Although this is the answer - the question had a mistake .. mark awarded to all
14 [XIC Cannot be a repeating unit as the molecule contains a C=C double bond
XID Side group has 2 carbons but in polymer side groups only have 1 carbon
2009 MA 2 carbon monomer (ethene) and 3 carbon monomer (propene)
Me XIB Largest monomer in plastic has 3 carbons (-CHs group off main chain)

8 37

XIC Largest monomer in plastic has 3 carbons (-CHs group off main chain)
XD Largest monomer in plastic has 3 carbons (-CHs group off main chain)

|—|{ |CH3l—|| |CH3|—|{ CHs
_l|—|_ ‘C_ |C_'C_|C_‘C— polymer
H H H
2330 B 87 COOCHs3 COOCH3 COOCH:s
= (RN
|C:C + |C:C + |C:C monomer
VR U B
COOCH3 COOCH:s3 COOCH:s3
HHHHHH HHHHHH
C=CrC=CrC=CrC ¢ ¢ C
Mmc —_—_(C + (— +(—( »—(—(—(—(—(—(—
21A76||||||||||||
CHsH CH3H CHsH  CHsH cHsH  cHsH
propene poly(propene)
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HH HH H H H H H H H
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2000 . ‘ C:C+C:C+ C:C —C— C— C_C_C_C_
7b Diagram showing: | | | | | | | | | |
H ?HZH szH CHe H CHe H CHe H CHe
CHO CHO CHO CHO CHO CHO
CHs  CHs  CHs CH:  CHs  CHs
OCOCH c:O0 C=0 C=0 c|:o C=0 C=0
2001 H
| O HO HO H O H O H O H
3a c—=c L LT LT L—T 11111
H H
HH HH H H HHH H H
F F
2002 | _ | Take a 2 carbon portion of the polymer and redraw with C=C double bond
7c C| - |C in the middle of the 2 carbons.
FF
I
ulugau
2005 H H H H H H
6c Diagram showing: l
I i
poly(propene) — C— C— C_ C_C_C_
N I N
H HHHHH
2007 _ Styrene forms poly(styrene) by addition polymerisation. Addition
7a ¢=C double bond reactions require a C=C double bond for a reaction to occur.
g g e
cC=Cc+Cc=Cc+Cc=C Styrene
| | | | | | or phenylethene
2007 Structure showing: H H H ¢H H H
HHHHHH
7b [T

~C-C-C-C-C-C~

T
H L.H

CeHs

|—|{ C|6H5 |’|{ T6H5 |’|| T6H5

C C C C_C—C— poly(styrene)

| | | | | | or poly(phenylethene)
H HHHHH
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2007

Styrene is also known as phenylethene

7c Poly(phenylethene) .. poly(styrene) is also known as poly(phenylethene)
AR
— C_ C_ C_ C_ C_C— poly(ethenol)
H OH A AN A
2008 ] H HHHHH
6b | ¢ i
o gy o
|C:|C + |C:|C + |C:|C ethenol
HHHHHH
COOH COOH COOH
Tt
T
2011 H H H ¢H H H
. cOO0
10a(i) l’|' | H COOH = COOH  COOH
c=¢ L
|’|| |’|| |C: |C + |C:|C + |C:|C monomer
H HHHH H
R
C:C + C:C + C:C tetrafluoroethene
I Y R
13 Diagram F F F¢F FF
10b() showing product:
IR
— C— C— C— C— C— — poly(tetrafluoroethene)
I e e R
F F F F F F
2013 Addition polymerisation has monomers with C=C double bonds
10byi Addition which open up and join up with each other to form a long chain of
(ii) C-C single bonds in a polymer.
g e
2014
5b Diagram Showing: —C—C—CC—C—C—

I‘I‘I
H | H | H

COOCHs COOCH;s COOCHs3
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24
25 10bgiiy
26
27
28
29 | 12a 10b¢y| 14b | 10a | 1la | 8a 18a |10bg)| 13a | 20a
30
SG Credit Answer Reasoning

H C¢cOOCH COOCHs COOCHs COOCHs COOCHs; COOCHs COQCHs

2000¢ U N T LT

a | L Gpeeee T mee et pe

H ¢N H CNH CNH CN H CNH CNH N
T e [
by | TEET || §5676 656 | e e 1S

10b() || clH ¢ H ¢ H CclH C H C H c H

C I H monomer polymer Repeating Unit
Draw propene into a 'H' shape, draw three and polymerise them into polymer
CHsH CcHsH CHsH | CHsH  CHsH CHsH CH:H CHsH CHsH
s A e S I e e A A A
14b T T T T T |C=C+C=C+C=C — —C—C—C—CcC—C—C—
HHHHHHA || R A I I
HHHH HH H HHHH H
NN
2004 C—C | C=C+C=C+C=C+—C-C—C—C—CC—
10a _ L T I R A .
| C(NH CNH ¢NH ¢NH ¢NH ¢NH
CN H acrylonitrile poly(acrylonitrile)
H H H H H H
Gl TR S S S S
iagram showing: |— —
11a | | | | | |
H CeHs H CeHs H CeHs
F F FFF F F F|F F F F F F F
2006¢ | T T T T T T T |
o | €¢I ESE T
a
| N R F o
F F monomer polymer Repeating Unit
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2009¢C |
—C—C— A repeating unit is a 2 carbon segment of the main chain
18a |
H COOCH;3
2010¢ Man-made or not  |Synthetic materials are not found naturally on Earth and are made by
].Ob(i) found in nature  |the chemical industry.
H CHs H CHs H CHs
01 | _— | | | | | |
IOb(ii) iagram showing: —|C |C |C |C |C |C—
H COOCHs H COOCH; H COOCH;s
TH g o
poly(vinyldichloride) — C— C— C— C— C— C—
o H CT LT ]
2011C o cl H ¢l H ¢ H
13a = d H lH a H
¢l H I
vinyldichloride C: C + C: C + C: C
I Y A N .
cl H d H ¢d H
|—|{ COOCH3 |—|| coocHs H C|OOCH3
|C: |C + |C: |C + |C: |C monomer
H CHs H CHs H CHs
2012¢ Diagram showing the ¢
20a polymer shown: COOCHs  COOCH:  COOCHs
L)
— C_ C_ C_ — C_ — polymer
N
H ¢HsH cHsH  CHs
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Nat5
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ourcome 200012001 12002120031 200420052006 (2007|2008 |2009|2010| 2011 1 2012 | 2013
General | General | General | General | General | General | General | General | General | General | General | General | General | General
24
25 |20bg) 1le 14b
26
27 |20buiii 14b() 10c | 17a | 11d |17bgii) 14q
28
29 10a 11b 15a(ii
30
56 General Answer Reasoning
20006 addition Addition polymers like poly(tetrafluoroethene) is made when C=C double
ZOb(,) polymerisation bonds open out to form a long chain of C-C singles bonds
20006 tetrafl th Monomer ethene propene chloroethene tetrafluoroethene
ZOb(“) efrariuoroethene Polymer | poly(ethene) | poly(propene) | poly(chloroethene) | poly(tetrafluoroethene)
ARERE
C=C+C=C+C=C  ctene
I e e
H HHHHH
20016 diagram showing the ¢
10a product:
TrRRT
— C_ C_ C_ C_ C_C— poly(ethene)
I e A e
H HHH H H
TR
C=C+C=C+C=C  etnene
I e e
H HHH H H
20046 diagram showing the ¢
11b following product:
TrArTy
— C_ C_ C_ C_ C_C— poly(ethene)
I e A e
H HHHH H
20056 - e
poly(butene) Addition Polymerisation:  butene —— poly(butene)
14b(|) monomer polymer
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20076

ethene Polymer | poly(ethene) | poly(propene) | poly(chloroethene) | poly(styrene)
]_Oc Monomer ethene propene chloroethene styrene
20086 chloroethene Monomer ethene propene chloroethene styrene
170 Polymer poly(ethene) | poly(propene) | poly(chloroethene) | poly(styrene)
200
96 styrene Polymer | poly(ethene) | poly(propene) | poly(chloroethene) | poly(styrene)
1 ld 4 Monomer ethene propene chloroethene styrene
20096 Polymerisation or  |Polymerisation: process where monomers join together to make a
1le | Addition Polymerisation |bigger molecule (polymer)
C3Hg is the formula of both propene and cyclopropane. To be turned into
20106 prop ycloprop

17biii)

poly(propene)

a plastic, the monomer must have a C=C double bond .. C3Hg is propene.
If monomer is propene then the name of the polymer is poly(propene).

20116
15aii

Diagram showing the
following product:

ethene

T

P

I

C=C+(C=C+(C=C

H H H H H H

T

}
H
L

|

poly(ethene) — C— C— C_ C_ C_C_

.
H H H

|
H

H H H
20126 Styrene Monomer ethene propene styrene chloroethene
140 yr Polymer poly(ethene) poly(propene) poly(styrene) |poly(chloroethene)
20126 addition Addition: C=C double bonds open up join together to form long chain of C-C

14b

polymerisation

Polymerisation: monomers join together to form polymer
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