(4257 28) $ | Ar B ®

A ESERBISE I EHMERARTALABLTR
B REAS T IREMTIRS 0 WA TR ULRN-7-R 3t

- State the methods you would use to determine:

(a)77, for samples of poly(ethylene glycol)with values in the range 4 X 107

to 5 X 10°g mol~"; (b)ir, for samples of polyacrylonitrile with values in the
range 5 X 10* to 2 X 10¢ g mol™, and (c) the polydispersity indices of samples
of polystyrene with molar masses in the range 10* to 10° g mol—.

For each method, discuss briefly possible errors in the determinations.(9%0)

= “The tables below give the mean flow times(t) in a suspended-level
viscometer recorded for solutions of two of five monodisperse samples of
polystyrene at various concentrations (c) in cyclohexane at 34°C. Under

these conditions, the mean flow time (t,) for cyclohexane is 151.8 s

(Sample B) (Sample E)
10° X ¢/gem™ t/s 107 X ¢fg cm™? t/s
1.586 158.5 1.040 176.1
5.553 178.6 1.691 195.4
7.403 189.6 2.255 214.8
8.884 199.5 2.706 232.4

Detenmnine the intrinsic viscosities, [1], of these samples. The intrinsic
viscosities of the other three polystyrene samples were evaluated under the
same conditions and are given in the following table together with M
values determined by light scattering.

Polystyrene sample Muw/g mol’ [n]fcm’ ¢’
A 370060 15.77

B 102000 --

C 269000 42.56

D 090000 63.12

E 2402000 -~

Using these data together with the calculated values of [n] for sanples B
and E, evaluate the constants of the Mark-Houwink equation for poly-
styrene in cyclohexane at 34°C. What can you deduce about the
conformation of the polystrene chain under the conditions of the viscosity
determinations?(10%)
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= .(a)A viscoelastic polymer is subjected to an oscillating sinusoidal load
applied at angular frequency, w. Assuming that the variation of the strain,
e, and the stress, o,with time, t, can be represented by equations of the
form:

e = e,coswt
o = 5,cos(wt+d)

where 8 is the phase lag between the stress and strain, show that the
energy dissipated per cycle of the deformation{AU). (6%)

(b)How can one avoid thermal failure of the polymer given in (a) when the
heat accumulated in the polymer is significantly larger than that
transferred out of the sample?(4%o) '

g a )The glass transition temperature of a polymer is mostly affected by the
(aYdegree of crystallinity (b)chain length (c)crystal defect (d)free
volume of the polymer.(2.5%)

(2)The unit cell dimensions of the polymer crystal are usually determmed
by using (a)simall angle X-ray scattering(SAXS)(b)differential scanning
calorimetry (DSC) (c) transmission electron microscope (TEM) (d)
wide angle X-ray scattering(WAXS).(2.5%)

(3)The creep or stress relaxation behavior of a polymer subjected to a
ioad is mainly due to the fact that (a)degree of crystallinity of polymer
changes(b)the length of the polymer decreases (c)the modulus of
polymer decreases (d)the amount of heat accumulated in the polymer
increases with increasing time.(2.5%)

(4)The most probable value and root mean square value of the end-to-end
distance of a frecly jointed chain is equal to (a)( 8/3rn)"2n'2, In'?

(b)ln'2/ g5, Bn ()b, = (d)(2/3)7In'2, In'?, respectively.(2.5%)

(5)If we try and crystallize a polymer melt a few degrees above Tg then
the rate of growth of crystals is initially governed by the fact that:
(a)there are no stable nuclei present.
(b)viscosities of polymer Melts are very high.
(c)crosslinking reactions occurs at high temperatures.
(d)tertiary crystallization.(2.5%)
(6)With regard to polyethylene single crystallization, which of the
following statement is correct?
(a)crystals get smaller
(b)angle of truncation decreases
(c)crystals remain constant _
(d)The percentage of 100 chain folding increases
with increasing crystallization temperature.(2.5%)
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F_. Derive the Hoffinan-Weeks equation (T =Tm (1 - A_I-Ir°—€ )) based on a

hexgonal shaped crystal of dimension as shown below:(6%)

|
where T’ is the equilibrium melting temperature.
AH¢e is the enthalpy of fusion per unit volume of crystals.
ge is the top and bottom surface energies.
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