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In this method, the polymer solution and the pure solvent
are separated by a membrane which is permeable to the
gsolvent molecules, but not to the polymer. Equilibrium

is reached when the hydrosftatic pressure difference

across the membrane exactly compensates for the difference
of chemical potential of the solvent arising from the
presence of the polymer solute.

2. Light-gcattering Measurement

It has been found that when a light beam passes
through a non-absorbing liquid some light is scattered.
If the solvent is made more inhomogeneous by the addition
of solute molecules, the intensity of the scattered light
‘ig increased. The increase in scattering is related to
the molecular weight of the dissolved solute. Thus, a
measurement of this increase for a polymer solution can
lead to the molecular weight of the polymer.

The scattered intensity for a monodisperse
solute is given by (Debye equation)

HE) = 4+ 2800 + eeee - eeen (21) ;

= o

where

321 . n2(3n)2
3N, AF'eC

The scattered light intensity is expressed in terms of
the turbidity ¥ , defined as the fraction of the light
scattered in all directions from the primary beam per
centimeter of path. If a beam of intensity Io is
reduced to intensity I on passage through x cm, of
the scattering medium, I/Io = e~ ¥, For typical
polymer solutions ¥ = 10-3, n is the refractive index
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of the system, N, is the Avogadro's number, X is the

wave length of the incoming beam, and C is the concentra-
tion of the polymer solution.

The plot of H(C/ly) against C will lead to
the average molecular weight of the heterogeneous polymer.
Light scattering measurement is one of the most important
absolute methods.

3. Viscosity

Viscometry is the easiest and most rapid method
for obtaining molecular weight, it is widely adopted for
the routine determination of molecular weight.

In the measurement, the chief quantity of
interest is the viscosity of a polymer solution relative
to that of the pure solvent. From this, the molecular
weight of the polymer solute can\be calculated.

Huggins6 found for a series of polymer fractions
in the same soivent that the slopes of the linear portions
of the plots of 7\sp/C against C were proportional to
the square of the intercept and proposed the relation:

..%.%P. = MV + B MI%C eereerennnn. (22)

where N gp 1is the specific viscosity which is equal to
M -")/"0, Mo is the viscosity of the solvent, K is

the viscosity of the solution, [N] is called limiting
viscosity number and X3 is a constant for a given

polymer-solvent system. ["\] can be obtained by plotting

’\sp/c versus C.

It is usual to use the empirical equation (23) to
calculate the molecular weight from the viscometric

6. Huggins, M. ., JACS, 64, 2716 (1942).
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results

[,Y\} = K:IVII. 6scsceso00rsss0s 0t (23)

where {N\] is the limiting viscosity number of a mono-
disperse sample of polymer of molecular weight M; X and
r are congstants dependent on the polymer-solvent system
concerned. The molecular weight so obtained for a poly-
disperse sample is called "viscosity-average"” molecular
weight. Equation (23) is usually associated with the

names Mark-Houwink.
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CHAPTER II
APPARATUS AND PROCEDURE

Agparatus

1. For Practionation

The apparatus used for fractionation is shown
schematically in PFig. 1. It is a double-walled glass
vessel A, B, closed to the air by mercury seals D, E,
and J. F is a rotating cup permitting the contents of
the vessel to be stirred by rotation of the stainless
steel stirrer C. An etched scale I on the side of the
inner vessel permits the volume of liquid contained in
it to be observed. Additions of reagents can be made to
the vessel through port H. The temperature of the con-
tents of the vessel can be controlled by circulating
water from & thermostat through the jacket B. To the
bottom of the inner vessel is connected a glass tube
leading to a teflon-glass stopcock M to which may be
attached glass receiver tube P. The receiver has a
volume scale etched on it, and is connected at the
bottom to a teflon stopcock Q which in turn is connected
via a rubber tube R t0 a mercury reservoir T.

The overall length of the Jjacketed vessel is
about 90 centimeters, and the capacity of the inner vessel

- is 5 liters. The receiver has a capacity of about 20
cubic centimeters, and the volume scale on its side is

calibrated in 0.1l cubic centimeter division.

2. For Viscometry

Because of the simplicity and the convenience,

19
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Fig. 1. The frectionation vessel and the

reciever assembly.
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A. Fractionation vessel or inner vessel.
B. Outer vessel for water circulation.
C. Stainless steel stirrer.

D. lMercury.

E. Mercury cup with mercury.

P. Rotating cup.

G. Teflon ring. ,

H. Cover for inlet of solution.

J.  Mercury. _

K. Outlet of water to water bath.

L. Volumetric scale. ’

M. Teflon stopcock.

N. Connecting adaptor.

P. Centrifuge tube;

Q. Teflon stopcock. \

R. Flexible rubber tubing.

S. Mercury.

T. Container.

W. Inlet of water from water bath.
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among various types, the suspended~level or Ubbelohde
dilution viscometer was chosen to measure the viscosity
of the polymer solution. The essential features are
shown in Pig. 2. The instrument is entirely made of
glass. A, B, C, and D. are bulbs. E is the capillary.
The solution being measured is first introduced into the
bulb A, then forced into the bulb C by pressure, and
hence the flow time of the solution between the etched
mark can be timed. Details of the operating procedure

.will be described in a later section.

Chenicals

The principal chemicals used in this experiment
were polystyrene, methyl ethyl ketone, methanol and toluene.
Two different samples of polystyrene were used. They were
different in average molecular weight as determined by
vigcogity measurement. One was about three times higher
than the other. Both had been prepared previous to this
work by Dr. E. W. Channen, using a standard method of
bulk polymerization *to low conversion(10%) in the presence
of benzoyl peroxide as initiator. Nevertheless, the
samples were repurified by precipitation from methyl ethyl
ketone with aqueous methanol before being fractionated.

Methyl ethyl ketone, methanol and toluene were
all obtained from Fisher Scientific Company, and certified
by the manufacturer to meet the.American Chemical Society
specifications. They were used as supplied without
further purification. ‘

Procedure

l. PFor IPractionation

Three polymer samples, 20g. each, were frac-
tionated, one, sample-AB being a mixture of equal parts
of sample-A and sample-B(i.e., 10g. each). Sample-B
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Fig. 2. Ubbelohde dilution viscometor
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was about three times higher in average molecular weight
than sample—-A, as measured by viscometry. Each sample
was accurately weighed and a solution of about 1% in
g./d1 was made in methyl ethyl ketone (i.e., two liters
of solution for each sample).

Before the solution was added into the inner
vessel, the empty space above the mercury at D was filled
with methyl ethyl ketone. The purpose of doing so was

to minimize any condensation of the liquid vapor evaporated

from the polymer solution during the long period of frac-
tionation. Care was taken that the receiver assembly was
securely connected to the column, and mercury was allowed
to £fill the receiver assembly to a level above stopcock
M. The solution was then introduced.

After the temperature of the polymer solution
in the vessel was brought up to ZBOC by the circulating
water from the water bath, the volume of the solution
was recorded.

Under stirring, the precipitant, methanol, was
slowly added into the solution through the feeding inlet
at H until the solution appeared to be densely cloudye.
This point was estimated by guess on the basis of a
preliminary run. The volume of methanol added for each
fraction was recorded. The temperature of the contents
of the vessel was then raised to such a degree that the
cloudiness of the solution disappeared. Normally,
100¢ to 159C above the bath temperature was sufficient.
The solution was slowly cooled to 25 % 0.01 °C, allowing
the polymer to reprecipitate, the stirring was stopped
and the reprecipitated polymer was allowed to settle
over night. This heating and cooling cycle would take
about eight hours.

The precipitate in this case was a moderately
viscous solution that could be drained into the receiver
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P as the stopcocks I and Q were opened and the mercury 5
level in the container T was lowered. The stopcock M
was cloged after the last portion of the fraction had
passed below the flanged connector to the receiver, pre-
venting the supernatant liquid from draining through.
The stopcock Q was closed after the mercury had come
down to the beginning of the scale of the centrifuge
tube so that the fraction could be measured. At this
point the volumes of 'the fraction and the supernatant
liquid were recorded and the receiving assembly was dis-
connected from the vessel.

The precipitate so obtained, containing some
small mercury dfopleﬁs, was redissolved in an excess
amount of methyl ethyl ketone (about 10 times more than
the volume of the precipitate) and the solution was
filtered through a sintered filter of a medium porosity.
The polymer was then reprecipitated under stirring by
running the filtered solution slowly into methanol. The
volume of the methanol was about three to four times as
rmuch as the filtered solution. The polymer was dried in
an vaccum oven between 50-70°C over night. Pinally, the
polymer was weighed and its molecular weight was determined
by viscosity measurement method. Except for the final
fraction, this process of fractionation was repeated
until all the polymer sample was entirely recovered.
Usually 15 to 17 fractions were obtained. The final
fraction was obtained from the residue resulting from
the evaporation of all solution removed from the fractiona-
tion vessel. TFailure was encountered in trying to preci-
pitate the final portion through the regular means (i.e.,
by addition of precipitant) because at this stage, the
solution has so low a molecular Weight’that further
addition of precipitant would only result in a suspended
solution with fine polymer particles which remained
suspended even after several days and could not be filtered

URIVERSITY OF WINDSOR LIBRARY
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with a medium porosity sintered filter.

2. For Viscometry

The apparatus employed in the viscosity measure-
ment was the suspended-level or Ubbelohde dilution vis-
cometor. Referring to Pig. 2, in operation, pressure
was applied to the top of limb-l while limb-3 was closed
at the top by the operator's finger, thereby forcing
liquid from bulb B into bulb A and C and finally into D.
Then, releasing the pressure on limb-1l, limb-=3 was opened
to let air into bulb A. This resulted in the formation
of the suspendeq level at the lower end of the capillary.
Since the suspended level was automatically fixed, it was
unnecessary to charge the viscometor with the same volume
of liquid each time, and it also permitted dilution of
the solution while in the viscometer. Therefore the
viscosity of solutions of different concentration could
be measured with one filling of the viscometer.

Viscosity measurements were made using toluene
as solvent. The additional apparatus required for the
measurement were the water bath, the temperature of which
was controlled to 25 t 0.2 °C and the stopwatch of capable
to register to 0.1 second. The following general procedures
were followed:

a. The capillary viscometer was thoroughly cleaned
with warm chromic acid and the vertical alignment of the
viscometer into the water bath was carefully checked.

b. Care was taken to prevent dust from entering

the instrument.
c. Sufficient time was allowed for the vigcometer

and its contents to attain the bath temperature before
measurements were made. This iength of time was reduced
by having the containers of solution and the diluting
gsolvent stored in the same bath.

d. Raising the liquid level in the viscometer was
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accomplished by applying a positive pressure of alr to
one limb.

e. A fluorescent light under the water bath and a
cathetometer facilitated accurate observation of the

meniscus level.
f. Using the stopwatch the reproducibility of the
flow time was within Z0.1%. ‘

The molecular weight of each fraction was then
determined by equation (23).

(M) = K

where in this case XK = 1.7 x 1074 and r = 0.69. Both
of the constants were taken from the reference.?’ (\] was
the intercept of the extrapolation of the plot of

'al

<K~1h)ﬁmp versus C. The unit of concentration, C used

was g./dl and the unit of [{] would be dl/g..

7. Outer, Carr and Zimm, J. chem. Phys., 18, 830
(1950).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER III
RESULTS, DISCUSSION AND CONCLUSION

Results

The observations recorded during the fractiona-
tion step fop the three different polymer samples are |
shown in Table 1 to 3. The results show that the re-
covery of the starting material was 98.7%, 99.5%, and
99.3% respectively for the three runs. The losses pre-
sumably arose in handling, and were at a satisfactorily
low level.

Typical observations obtained from the viscosity
measurements are shown in Table 4 to 6, and typical plots
of Mgp/C versus C in Fig. 3 to 5. The viscosity re-
sults are summarized for the three samples studied in
Table 7 to 9, which include values of the molecular
weight, the degree of polymerization, and the cumulative
weight distribution function for each sample.

The cumulative weight distribution functions
for samples A and B are shown in Fig. 6. The circles
and triangles represent the experimental points, and
curves representing the functions have been drawn through
them. Since sample AB is a 50:50 mixture of samples A
and B, its cumulative weight distribution curve ought to
be the mean of the curves of A and B. The dotted curve
drewn for sample AB in Pig. 6 was in fact constructed to
be the mean of the curves drawn for A and B, and the ex-
perimental points obtained for the sample were added
afterwards. As can be seen they agree quite well with
the expected curve.

As described earlier, the differential weight
and frequency distribution curves can be obtained from

28
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TABLE 1 29

‘Data Recorded on Fractionation of Polystyrene,
Sample A 20g. Used. Precipitated from Methyl Ethyl
Ketone with Aqueous llethanol.

aggzgangir Volume Volume of Weilght

each of supernatant of

Fractlon pre¢lidita~ p..ecipitete  liquid precipitate

(ml.) (ml.) (ml.) (ge)
1 534 4,2 2554 1.5479
2 37 5.15 2583 2.0485
3 22 3.0 2600 1.2648
4 21 2.4 2623 | 1.0540
5 22 2.0 2633 ©1.1043
6 24 2.2 2654 1.0247
7 28 2.1 2677 1.0258
8 27 1.75 2700 0.9294
9 22 1.2 2824 0.5821
10 47 2.4 2765 1.2357
11 28 1.4 2791 0.8209
12 66 2.1 2845 1.1606
13 97 1.7 2933 0.9999
14 104 1.3 3033 0.9333
15 267 1.7 3288 1.1417
16 2706 * ¥ % 2.8618
Total ’ 19.7354

*¥ Only suspension was observed.
*¥%* Qut of scale. '
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TABLE 2

Data Recorded on Practionation of Polystyrene,
Sample B 20g. Used. Precipitated from lethyl Ethyl
Ketone with Aqueous lMethanol.

a§3233n§§r Volume Volume of Weight
each . of supernatant of

Fraction prég;g;ta- precipitate liquid precipitate
(mi.) ( ml.) ( ml.) ( g.)
1 392 8.4 . 2433.6 1.9911
2 15 6.2 2438 1.5723
3 11 5.2 2441 1.3720
4 15 5.7 2450 - 1.5999
5 13 4.2 2455 1.2541
6 20 5¢9 2463 1.8422
7 25 5.4 2483 1.8680
8 25 3.6 2507 1.3690
9 25 2.3 2516 0.9026
10 32 2.55 2553 1.0789
11 34 l.6 2588 0.7703
12 39 0.85 2621 0.6607
13 50 1.00- 12658 0.5852
14 58 0.65 - 2710 0.4970
15 - * ** 2.5233
Total 19.8966

* Only suspension was observed.
*¥ Qut of scale.
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TABLE 3

Data Recorded on Fractionation of Polystyrene,
Sample AB, a Mixture of Sample A and B, 10g. each.
Precipitated from Nethyl Ethyl Ketone with
Aqueous Methanol.

aggggang%r Volume Volume of Weight
each of supernatant of

Fraction pregig;ta— precipitate liquid precipitate
( ml.) ( ml.) ( ml.) ( g.)
1 426 6.0 | 2462 1.6319
2 25.5 5.0 2476 1.4848
3 27 5.0 2490 1.6487
4 22 3.8 2509 1.2952
5 24 3.15 2532 1.1962
6 22 2.6 2549 0.9937
7 22 2.1 2570 0.8780
8 21 1.8 2582 - 0.7768
9 24 1.85 2603 0.8250
10 28 2.0 2632 0.8911
11 27 1.45 2650 0.7679
12 36 1.6 2685 0.8254
13 38 1.2 - 2722 0.7105
14 60 1.2 2777 0.7979
15 154 2.25 2920 1.4146
16 446 1.1 3349 0.8799
17 - . *¥% 2.8337
Total 19.8513

* Only suspension was observed.
**  Qut of scale.
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32

Typical Viscosity Date of Fraction 1, Sample A

Solvent: Toluene

Plow time of solvent at 25°C.

Concentration of polymer stock solution:

128.15 sec.
0.9726 gm./dl.

Volume of polymer stock solution initielly placed in
viscometer: 5 ml. '

Total solvent . FPlow Time
sdded to Concentration (sec.) 1ksp
viscometer
( ml.) (gm./dl.) Measured Averaged C
0 0.9726 %gi:gg 191.26 0.5063
1 0.8105 199°08  179.84  0.4977
3 0.6079 igg:gg 165.66  0.4815
8 0.3741 %28:22 150,50 0.4662
13 0.2702 %ﬁj:ég 144.08 0.4601
Plot of s vg. C see Fig. 3.
c
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TABLE 5§
Typical Viscosity Data of Fraction 1, Sample B.

Solvent: toluene
Flow time of solvent at 25°C: 128.15 sec.
Concentration of polymer stock solution: 0.8176 gm./dl.

Volume of polymer stock solution initially placed in
viscometer: 5 ml.

Total solvent . Flow Time
sdded to Concentration (sec.) 1\sp
visconeter ,
¢ ml.) (gm./dl1.) Measured Averaged C
0 0.8176 g%%:gé 231,10  0.9826
1 0.6813 g%}:gg 211.41 0.9536
3 0.5110 igg:g; 187.97 0.9135
8 0.3144 163.57  163.55 0.8786
13 0.2271 ig%:gﬁ 153.00  0.8539
Plot of ‘Lep vs., C see Fig. 4,
' . C
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TABLE 6

Typical Viscosity Data of Fraction 1, Sample AB.

Solvent: Toluene
Flow time of solvent at 25°C. 128,15 sec.
Concentration of polymer stock solution: 0.8208 gm./dl.

Volume of polymer stock solution initially placed in
viscometer: 5 ml.

Total solvent . Plow Time
added to Concentration (sec.) 1LSP
viscometer
( ml.) (gm./dl,.) Measured Averaged c
224 .42
0 0.8208 224.50 224.46 0.9156
. 206.22
1 0.6840 206.32 206.27 0.8912
184.49
3 0.5130 184.37 184.43 0.8?61
: 161.60
151.32
13 0.2280 151.20 151.36 0.7944
Plot of Asp vs. C see Fig. 5.
C
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TABLE 7

Fractionation of Polystyrene, Sample A,
20g. Used. Precipitated from lMethyl Ethyl Ketone
with Aqueous lMethanol.

Actual 11} ﬁv P Wt. fraction
Fraction welght (47 /gy (x1074) ( x1072) up to p (wp)
(g.)

1 1.548 0.442 8.90 8.54 0.987
2 2.049 0.336 599 5.75 0.909
3 1.265 0.297 5.03 4,83 0.807
4 1.054 0.286 4.72 4.54 0.744
5 1.104 0.263 4.20 4,04 0.691
6 1.025 0.256 4.03 3.87 0.636
7 1.026 0.224 3.33 3.19 0,585
8 0.929 0.219 3.21 3.08 0.533
9 0.582 0.207 2.95 2.84 0.487
10 1.236 0.201 2.85 2,74 0.458
11 0.821 0.195 2.71 2.60 0.396
12 1.161 0.175 2.33 2.23 0.355
13 1.000 0.166 2.14 2.06 0.297
14 0.933 0.138 1.64 1.58 0.247
15 1.142 0.133 1.55 " 1.49 0,200
16 2.862 0.098 "1.01 0.97 0.143

where p represents chain length and ﬁv represents
viscogity~average molecular weight.
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TABLE 8

Fractionation of Polystyrene, Sample B,
20g. Used. Precipitated from Methyl Ethyl Ketone
with Aqueous Methanol.

Ac?u§% [%J My jY Wt. fraction

Praction W?;é) (@1./.) ( x 10-4) ( x 10-3) UP t0 D (wp)
1 1.991 0.810 2.14 2.05 0.995
2 1.572 0.715 1.79 1.71 0.895
3 1.372 0.645 1.54 1.48 0.816
4 1.600 0.597 1.38 1.32 0.748
5 1.254 0.565 1.27 l.22 0.668
6 1.842 0.495 1.04 1.00 0.608
7 1.868 0.466 0.96 0.92 0.513
8 1.369 04429 0.85 0.82 0.419
9 0.903 0.404 0.78 0.75 0.351
10 1.079  0.363 0.67 0.64 0.306
11 0.770 0.333 0.59 0.57 0.252
12 0.661 0.312 0.54 0.52 0.213
13 0.585 0.278 0446 0.44 0.180
14 0.497 0.249 0.39 0.37 . 0.151
15 2.523 0,193 0.27 0.25 0.126

where ©p represents chain length and ﬁv represents
viscosity~average molecular weight.
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TABLE 9

Fractionation of Polystyrene, Sample AB,
(a2 mixture of Sample A and B, 10g. each), 20g. Used.
Precipitated from Methyl Ethyl Ketone with
Agueous lMethanol.

Actual (1 Wy P Wt. fraction

Praction W?;%?t (dl./g;) ( x 10-4) ( x 10—2) uprto P (wp)
1 1.632 0.751 19.18 18.42 0.993
2 1.485 0.614 14.32 13.75 0.911
3 1.649 0.535 11.75 11.28 - 0.837
4 1.295 0.464 9.55 9.17 0.754
5 1.196 0.420 8.27 7.95 0.690
6 0.994 0.380 7.16 6.87 0.630
7 0.878 0.356 6.51 6.25 0.580
8 0.777 0.330 5.83 5.60 0.536
9 0.825 0.306 5.23 5.02 0.497
10 0.891  0.287 4.75 - 4.57 0.456
11 0.768 0.279 4.57 4.39 0.412
12 0.825 0.260 4.11 3.95 0.373
13 0.711 0.249 3.88 3.72 0.332
14 0.798 0.227 3.39 3.25 0.296
15 1.415 0.197 2.75  2.64 0.256
16 0.880 0.168 2.10 2.10 0.186
17 2.834 0.127 l.41 1.41 0.1l42

where p vrepresents chain length and ﬁv represents
viscosity-average molecular weight.
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the cumulative curves. This was done, with the results
shown in Pig. 7. Here the experimental points are
obtained By taking slopes of the cumulative distribution
curve, and do not correspond to individual fractions.

As before, the curves for A and B are drawn through the
plotted points for these samples. The dotted curve for
AB is the mean of those for its progenitors, and the
points for AB were obtained from the cumulative distribu-
tion for the mixed sample. Again the agreement is
satisfectory. Fig. 7 shows the comparison for the
differential weight distribution curves, IPig. 8 for the
differential frequency curves.

As described on page 9 above, the differential
weight distribution curve for a sample of polystyrene
should be given either by ‘

\

I'\”H?Ae-bp IR I R I RN AR BN B B ) (ll)

mﬁ
il

Or Wp = F¢£2P2A'e-bp ® ® v 0 0 ¢ ¢ S0t eSO ¢ <13)
depending on whether termination is by desproportionation
or by combination respectively. These equations may be
cast into a linear form by using a logerithmic trans-

formation
hk (a) - =2 .. (11a)
1 SemS—— ] 10 AM T e— X a
og1o ( 5 ) 810(AM) - =53 P
lo (-Y-I-)—) = 1lo (A'MQ) - — (13a)
glO p2 - glo 2.303 P oeee

The differential weight distribution curves

were plotted in this way for samples A and B. The
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results are shown in Fig. 9 to 1l2. Clearly the best
linear fit is obtained using the equation for termination
by combination. From the parameters of the best straight
lines in these plots it 1s possible to estimate values
for the parameters in equations (11) and (13) for each of
samples A and B. These functions can then be plotted on
the same graph as the experimental curves and a comparison
made. The results are seen in Fig. 13 and 14. Again
the better agreement with termination by combination is
observed.

Discussion and Conclusions

The results presented in this thesis demonstrate
two points. First, it has been shown that the conventional
method of determining molecular weight distribution curves
from a single stage fractionation procedure is self-
consistent. By this it is meant that the distribution
curve for a mixture of samples is indeed the sum of the
curves for its components.

Secondly, it is shown that for two samples of
polystyrene prepared by benzoyl peroxide catalysed bulk
polymerization to low conversion, the distribution func-
tions are more closely represented by a kinetic model
postulating chain termination by combination, than by
one postulating termination by disproportionation. This
is in agreement with studies in which the number of
initiator fragments per molecule have been determinedS.
For polystyrene it appears that two,fragments per molecule
are found, indicating termination by combination of

- radicals.

8. Baxendale, J. H., Bywater, S. and BEvans, M. B.,
Trans. Far. Soc., 42 675 (1946).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



46

-6,2F— —
R b = 3.17 x 2.303
\ = ;
8.2 x 10
= 8.90 x 1073
-6.8— el
log A'MZ = -6.43
-7 b— A'm” = 3,715 % 1077 —]
%
~
JoX
=
t0
(o]
—
~-8.0 p— —
~8.6 F— B
-9.2 — —
-9.8 s
0 : 3 6 9x 10
Chain length, p.
Fig. 9. Termination by combination,
Sample A,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



47

l l |

-3.81— L . 2370 x 2,303 |
9.5 x 102
= 5.75 x 10~3
N
\
44— ]
. log AM = -4.430 = 5,57
0] \
o) AM = 3.715 x 107>

5.0
L
o
E
t0
o)
—~ "'5‘6 T
-6.2 | S,
"'608
0 3 6 9 x 102
Chain length, p.
Fig. 10. Termination by disproportionation,

Sample A.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



_8l2 '—'\
\
\
\
N b - 1:9 X 2.303
1.67 x 107
-8.5p— © = 2,63 x 1073
log A'MZ = -8.1 = 9.90
-8.8— A'M2 = 9.542 x 1072

log (wp/p?)
o
T

-9.4 }—
-9.7Tt—
-~10.0
0 6 12 18 x 10°
Chain length, p.
Fig. 11. Termination by combination,

Sample B.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49

_503———' b = 10465 X 2.303 h—
\ - 3
\ 1.74 x 10
\
\\ - 1.94 x 10-3
\
\
~5 o6} \ _ —
\ log AM = ~5.335 = 6.665
\
\ AM = 4.624 x 10™6

-6.5F—

0 6 12 18x 10
Chain length, p.

Fig. 12. Termination by disproportionation,
Sample B,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



x 10-4

24

16

50

Rl Combination
/ \‘r///”/ﬁgh-ﬁ_ﬂ(predicted) ]

AT~
/TN
. < Disproportionation
// 0—0 \ (predicted)
. /’ \
§ W\

\ Experimental

NV~
| N h

Fig. 13.

4 6 8 10 x 10°
Chain length, p.

The experimental and predicted differential
weight distribution curves, Sample A.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



51

‘g or1dureg €s8AJND UOTINJTIFSTD AUITOM TBTIUSIBIJTP pajotpaad pue Teiuswigadxs syl

*d ‘u38ust UuTBUD

Ho

0T X 8T ST et &
7//./
/./
"~ O
el N
~ 111111///
~ 0> o
~ LN\
~
SN L0
_— J//
~
(poaotpead) .//J
UOTABUTAWOD N
o //o' e
~N
O N P
-~ ll\
- TequawTaadxy
Aﬁmpoaomhmw
uo1aeuotiaodoxdsTd

ct

:;oﬁ b'd

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10.

1l.

12.

13.

14.

15.

BIBLIOGRAPHY

Bawn, C. E. H., Chemistry of High Polymers, New York
Interscience Publishers, (1948).

Baxendale, J. H., Bywater, S., and Evans, M. B.,
Trans. Far. Soc., 42, 675 (1946).

Cragg, L. H., and Hammerschlag, H., Chem. Revs., 39,
79 (19 46).

Bannister, D. W., Phillips, C. S. G., and Williams,
R. J. P., "Anal. Chem., 26, 1451 (1954).

Booth, C., and Beason, L. R., J. Poly. Sei., 42, 81
(1960)

Huggins, M. L., J. Am. Chem. Soc., 64, 2716 (1942).
Outer, Carr, and Zimm, J. Chem. Phys., 18, 830 (1950).
Guzman, G, M., J. Poly. Sci., 19, 519 (1956).

Beall, G., J. Poly Sci., 4, 483 (1949).

Billmeyer, F. W., Textbook of Polymer Science, New
York, Interscience Publishers (1962).

Jellinek, H. H. G., Degradation of Vinyl Polymers,
New York, Academic Press Inc., (1955).

Channen, E. W., Revs, Pure and Appl. Chem., 9, 226
(1959).

Allen, P. W., Technigues of Polymer Characterization,
London, Butterworths Scilentific Publications (1959).

Tompa, H., Polymer Solutions, London, Butterworths
Scientific Publications (1956).

Flory, P. J., Principles of Polymer Chemistry, Ithaca,
Cornell University Press (1953).

52

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16.

17.

18.

19.

20.

53

Huggins, M. L., Physical Chemistry of High Polymers,
New York, Wiley, (1958).

Burnett, G. M., lMechanism of Polymer Reaction, New
York, Interscience Publishers, (1954).

Teach, W. C., Polystyrene, New York, Reinhold Pub.
Corp., (19605.

Guzman, G. M., J. Poly. Sci., 19, 519 (1956).

Bamford, C. H., Barb, W. G., and Onyon, P. F., The
Kinetics of Vinyl Polymerization by Radical Mechanisms,

New York, Academic Press Inc., (1958).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



*VITA AUCTORIS

Born:

November 10, 1930; Szechwan, China.

High School:

Nankai Middle School, Chungking, China.
1942-1948,

Universities:

Ordnance Engineering College, Taiwan,
China. 1948-1952, Degree: Bachelor of
Science in Chemical Engineering.

University of Windsor, Windsor, Ontafio,
Canada. 1962-1965, Graduate student and
Teaching Assistant in Chemistry.

54

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



