1. Hexamethylene diamine (H:N-(CH,)s-NH,) is reacted with sebacoyl chloride (CI-OC-(CH,)g-
COCl) to form a polyamide (Nylon 6,10).

a) Write out the reaction of these two monomers, indicating the structure of the polymer

formed and any byproducts of the reaction.
o o

" ]
» y,rJ—(c#Jé-yJ#L + n(-C Ath) —C - —

y{y-{CHﬂézl’\/—ﬁ"Qh’ﬁ; %],04 + (2n-1 ) Her
0

h
43 H O

b) Is this a step growth (condensation) polymerization or a chain growth (addition)
polymerization?
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c) Two separate polymerizations of these reactants are carried out, producing batches A and
B. These are mixed (without further reaction) in amounts indicated in the table below.
Calculate the number average molecular weight M, of the mixture and the weight average
molecular weight M,, of the mixture. Show you work, and put your final answers in the
table.
Batch Weight (g) M, (g/mole) Mw (g/mole)
A 50 24,000 47,710
B 15 185,000 370,000
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d) For the polymerizations above, assuming that in both batches the reactants were
stoichiometrically balanced, did both reactions go to completion? Explain.
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2. A monomer with a molecular weight of 100 g/mole is polymerized in solution using benzoyl
peroxide as the initiator. The monomer and initiator concentrations are held constant at 3
moles/liter and 0.004 moles/liter, respectively. The rate of polymerization is measured as 1.50
X 10@moles/literos, and the rate of initiation is known to be 2 x I@ﬂoles/ literes.
Experiments to measure the radical lifetime indicate that the average radical lifetime is 3.5 s.
Assume there is no chain transfer.

a) determine the kinetic chain length v.

b) assuming termination occurs only by combination, determine the number average molecular
weight M,, of the polymer

c) assuming now that the reaction goes to completion, determine the weight average molecular
weight M,, of the polymer.

d) determine the concentration of propagating radicals [Pe] (or [Me])

e) determine k¢, the rate constant for termination.
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3.

a) A polymerization reaction is stopped after only a few percent of the monomer is converted

to polymer. Which of the two main types of polymerization reactions that we studied will give
higher M,.. Explain briefly.
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b) Describe (briefly) two ways of controlling the molecular weight of a polymer produced by
step-growth (condensation) polymerization.
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c) Describe (briefly) two ways of controlling the molecular weight of a polymer produced by
chain growth (addition) polymerization.
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