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— + The glass transition temperature Tg, of a linear polymer with number
average molar mass Mn = 2300 was found to be 121 °C. The value
of Tg increased to 153 °C for a sample of the same linear polymer with

Mn =9000. A branched version of the same polymer with Mn = 5200
was found to have a Tg of 115 °C.  Determine the average number of

branches on the molecules of the branched polymer. (6%)

~ + The relaxation modulus of poly(isobutylene) (PIB) was found to reach
10° N/m? in 100 hours at 25 °C (see Fig. 1). What would the relaxation

modulus of PIB be in 1000 hours at -80 °C ? The Tg of PIB is -70 'C.

(8%)
Strass-Relaxation Experiments on Polyisoburylene
STRESS '
RELAXATION £ L T8 TEMPERATURE
2" 10" pata ; SHIFT FACTOR
. oo
g 10° l-\ Q308
z 9_\:26_ _7 _________
g5 10 \—74. i
329 _\.‘ZQ-.G.
3z —Ff=
g :-'2-101 \:_—g—a-"g ------------
g <Xl S
E & - P {2
z 10 f'Ql
T ad
10°+ e R e e T
5 -ln Inln‘u'-n of
ol W50 T80°  ~60°—40°-20°0°25°80)
107 10" 107 10™ 10 10" 10" 10% 10% 107 10° 107
TDME | (HOURS)
Fig. 1

n

+ Explain the following terminology  (15% )

(a) The most probable value of r (end-to-end distance).
{(b) Characteristic ratio. '

(¢) universal calibration curve.

(d) Boltzmann superposition principle.

(e) tie molecules. '

(f) equilibrium melting temperature
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m - Two polymer films were prepared from the same polymer melt. One
film was prepared by maintaining the extruded film at 100 ‘C in an air
environment and then quickly quenching the extruded film into ice
water (film 1), while the other extruded film was maintained at 140 C
for 5 seconds and then quickly cooled by ice water (film 2). The DSC
(differential scanning calorimetry) thermograms of these two films are
shown in Fig. 2. Film 1 had a rather broad melting point centered at
approximately 163 °C. Film 2 had a sharper melting point which was
approximately at 170 °C but had a lower percentage of crystallinity than
that of film 1. (30% v.s. 50% ). Explain this observation. (6% )

Draw diagram and describe how the percentage of crystallinity of films
1 and 2 will change as a function of time, if the two films are allowed to

crystallize for a long period of time. (4% )

% -~ (a) What types of molecular motions are possibly accounting for the
secondary transition peaks determined by dynamic mechanical
analysis (DMA)?  (5%)

(b) Rank the melting temperatures of the following polymers in each
series. {must give reasons of ranking) (6%)
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