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Question 1

(a) Define the following terms: number-average degree of polymerization, tacticity,
polydispersity index, glass transition temperature and crystalline polymer.

(b) Explain the effects of increasing extent of reaction on weight fraction of x-mer for
linear step polymerization.

(c) Write termination reactions for the following chain reactions. Choose your own
type of termination.
(c.1) free radical polymerization of polypropylene
(c.2) cationic polymerization of styrene

(d) Some ring compounds can polymerize to yield high-molecular-weight polymers
by ring-opening polymerizations. Write the reaction for polymerization of
caprolactam monomer to form nylon®.

Chemical formula for caprolactam is shown below.

/CH2 CH,
CH C=0
\2 /
NH
/
CH;—CH,

(20 marks)
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Question 2

The equivalent quantities of adipic acid HOOC(CH,),COOH and glycol

HO(CH,),0OH are used to produce a polyester. Methanol, CH,OH is added to

control the molecular weight of the polymer. If it is required to make ;n =70at

p=1.

(2.1) Write chemical structure and calculate molecular weight of the repeating
unit formed.

(2.2) Calculate the amount of methanol required as mole per cent of adipic acid.

(2.3) Calculate the Mn of the polymer produced.

(2.4) If the same number of moles of glycerol HOCH,.CHOH.CH,OH was added
by error instead of glycol, will gelation occur?

Note:

When reactants are present in equivalent reactant mixture:
- 1
Xp = E

-2z _2

LR,

When reactants are present in non-equivalent reactant mixture:

- 1 +r
Xp = ——————
1 +r-2rp

wherer=N,/Nzand r <1
All notations have their usual meanings.
Atomic weights: C=12,0=16,H =1

(20 marks)
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Question 3

(a) Derive the rate of free radical chain polymerization to show that

dM] _ kK, 12
- dt - k:/z (fkd [I]) [M]

State your reasons and assumptions used.

(b) In the bulk polymerization of polystyrene no solvent is used. The density of
styrene monomer is 0.8 g/omaand its molecular weight is 104.14 g/mole. Benzoyl
peroxide initiator (mol. wt. = 242 g/mole; half life, t,,, = 44 hours) is used at 0.3%
by weight. Termination occurs mainly by combination. The rate constants are:

k =145 I/(mole.sec)

P

K = 0.13x 10’ l/(mole.sec)

t
f=1.0, and initiator concentration is assumed to be constant.
Calculate the time in hours required for 80% conversion.

(Hint: 1 litre of reactor volume contains 800 g of styrene)

Note:
In2
t,, =B«
12 k,
[M] k
- In M] = k—l/p2 (fk, "2, t
0 t

All notations have their usual meanings.

(30 marks)
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Question 4
(a) Briefly explain the types of catalysts used in co-ordination polymerization.

(b) The copolymer equation in terms of concentrations is given by:

diM] _ M@ [M] + M, ]
d[M,] M, ] (M,] + ,[M,])
It can also be written in mole fractions as shown below.
r1f12 + 1f
F1 - fz 2
nf + 2ff, + 11

All notations have their usual meanings.

In a free radical copolymerization of monomer M, and monomer M, at 60°C,r, =
0.64, r, = 0.28, calculate F, at different values of f,.

(b.1) Show f, and the corresponding F, in table form.

(b.2) Plot f, versus F,.

(b.3) Comment on the structure of the copolymer formed.

(b.4) Comment on feed composition for this monomer pair.

(b.5) Derive an equation for azeotropic copolymer composition.

(30 marks)
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Answer to Q4 (Continued)
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