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QUESTON 1

From a historical perspective, would you classify the current age as the Stone Age, Bronze
Age, Iron Age, or Plastic Age, and provide a reasonable explanation for your answer.

[5]
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QUESTON 2
Complete the following table:
Polymer Structure Polymer Name M, DP
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QUESTON 3

Provide simple illustrations that show the differences between homopolymer, random

copolymer, alternating copolymer, and a block copolymer.

[2]

QUESTON 4

Provide a short definition of step growth polymerization.

a.

b.

(2)

Polybutylene succinate is a biodegradable polymer that can be synthesised from
succinic acid and 1,4-butanediol. What by-product would you expect from the
polymerisation reaction?

CH, /CH2 /OH I
HO/ \CH2 \CH2 \ﬁ/ NN
1,4-butanediol succinic acid

(1)
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¢.  Provide a plausible mechanism for the formation of the dimer during the synthesis of
polybutylene succinate from succinic acid and 1,4-butanediol, and provide an overall

equation for the polymerisation.
(8)
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d. Nonjabulo is setting up a company in Limpopo to synthesize polybutylene succinate
shopping bags for a local retailer. To save costs, Nonjabulo decides to make the
polymer with a DP of 1200, and without a catalyst at 200 °C using an initial
concentration of 7.5 M succinic acid. If the rate of polymerisation for the reaction is 5.6
x 103 L mol”" 577, how long will it take to make the polymer? Provide your answer in

number of days

(6)
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e. As an intern at Nonjabulo’s company, what would you recommend they add to the
reaction system to decrease the time for the synthesis of the polymer?

(1)

f.  The additive added to the polymerisation reaction changes the rate to 1.1 x 10> L mol-
1571, using 3.0 M of succinic acid, a target DP = 800, and a temperature of 200 °C, how
long will the reaction take? Provide your answer in number of hours.

(4)

g. Why is the reaction carried out at 200 °C?
(1

[23]
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QUESTON 5

The initiator, 4,4'-Azobis(4-cyanovaleric acid), can be used with the monomer styrene (CgHsg)
to produce polystyrene The reaction is very exothermic.

HsC CN O

HO N OH

@) HsC CN

4,4'-Azobis(4-cyanovaleric acid)

a. Isthe initiator 4,4'-Azobis(4-cyanovaleric acid) a cationic, anionic, or radical initiator?

(1

b.  Approximately how much initiator is needed to produce 100 kg of the polymer with a

DP of 14007
| (6)
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¢ You have won a young entrepreneurship award to start a polymer processing factory
that produces polystyrene for export across the African continent. Your first production
run at your factory produced a polymer with Mn = 330 000 g/mol, using ethylbenzene
as a chain transfer agent (chain transfer agent/monomer ratio = 0.365). If the chain
transfer constant was 0.00067, calculate DP and M, for the reaction with no chain

transfer agent.

(3)
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d. The product produced in your factory is atactic; however, your sales engineers has
suggested that isotactic polystyrene would be much more profitable if sold on the
open market. Provide an illustration that shows the differences between atactic and
isotactic polystyrene, and suggest a method to produce the isotactic form.

(4)

[16]

QUESTON 6

a. Define emulsion polymerisation

(2)
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b.  List the advantages and disadvantages of emulsion polymerisation.
(8)

[10]




CET3APC POLYMER CHEMISTRY 3 -=
JUNE EXAMINATION

QUESTON 7

How are solubility parameters useful in an industrial setting?

[6]

QUESTON 8

The following questions concern end group analysis of polymers.

a. Whatis end group analysis when determining polymer molecular weight?

(4)
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b.  The molecular weight of polyethylene glycol (PEG) can be determined using end group
analysis using excess pyromellitic dlahydrlde The un-balanced equation is as follows:

ord b

Q== PEG—0

Pyromellitic dianhydride
PMDA PEG PEG

O0— PEG—0

The excess unreacted pyromellitic diahydride is then reacted with water to form the
acidic form (balanced equation):

O\ /O O OH
o | o +2H,0 —> ”2:@2
o] O OH OH

How many moles of NaOH will react with 1 mole of the acidic form of the diahydride?

(1)

c. If 5515 mL of 0.25 M NaOH are used to titrate the acidic form of PMDA, how many
moles of PMDA were present?

(1)

d. If the initial mass of PMDA was 0.8555 g, how moles of PEG were used?

(2)
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e. Based on the moles of PMDA (4 mol PMDA: 1 mol PEG) used calculate the average
molecular weight of PEG given that the initial mass of PEG was 0.1515 g

(2)

[10]

QUESTON 9

Provide a brief overview of plasticisers and how they affect polymer properties.

[4]
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QUESTON 10

Provide a diagram and a brief explanation on the process of compression moulding, two
examples of polymers used and types of products produced using this process.

[12]
TOTAL 100 MARKS

END OF EXAM PAPER
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Some Useful Constants:

Na = 6.022 x 1023 mol?
R =8.3143 J K" mol

R = 0.0820574 dm?3 atm K" mol™’
R = 0.0831447 dm? bar K" mol~’
R = 8.314462 m?3 Pa K" mol™!

1 electron volt = 1.60217646 x 10719 joules
F = 96485.3399 C mol’
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