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Relationship and Molecular Weight Distribution
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ABSTRACT

Chlorosulfonated polyethylene was fractionated and the different
fractions in toluene were characterized by viscosity and light-
scattering measurements, Values of v and K in the Mark-
Houwink relation were determined. The results indicate a
tightly coiled structure for the polymer in the solvent studied.
Integral and differential molecular weight distributions, the
second virial coefficient, and the radius of gyration are also
reported.

INTRODUCTION

Studies on the dilute solution properties of polymers have been
quite exhaustive, and numerous investigations have been carried out.
Studies on elastomers such as polybutadiene [1-6], polychloroprene
[7-13], synthetic cis-polyisoprene [ 14], styrene-butadiene [ 15, 16],
polyisobutylene [ 17-19], polysulfide [20], ethylene-propylene [21,
22], and on butyl [ 23], nitrile [ 24, 25], and silicone [ 26, 27]
rubbers have been published. However, relatively little is known
about the properties of chlorosulfonated polyethylene in dilute solu-
tion. There is only one report [27a] and that, too, deals merely
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with the viscosity-molecular weight relationship. The present work
is a critical study on the dilute solution properties of this polymer.

EXPERIMENTAL
Materials

Standard commercial samples of chlorosulfonated polyethylene
(Hypalon 40) having a Mooney viscosity (ML, at 100°C) of 54,
specific gravity 1,18, chlorine content 34.2%, and sulfur content
0.95% was used. Commercially available toluene and methanol
(BDH, Analar) were further dried and distilled before use.

Fractionation

Fractionation of the polymer was carried out by the usual precipi-
tation method at 30° C using toluene as solvent and methanol as non-
solvent. In total, 18 fractions were collected.

Viscosity Measurements

These were carriedoutat 25 + 0.1°C in toluene using Ubbelohde-
type dilution viscometers, Intrinsic viscosities were obtained from
nsp/ ¢ vs ¢ plots, and the results are shown in Table 1. Kinetic

energy corrections were negligible,

Light-Scattering Measurements

A Brice-Phoenix Universal light-scattering photometer was used
for light-scattering measurements, Vertically polarized light of
wavelength 546 my was used and the intensity of the scattered llght
was measured at various scattering angles between 30 and 135°.
Figure 1 shows a typical example of a Zimm plot where R(8, c) rep-
resents the reduced scattering intensity as a function of the scatter-
ing angle 9 and concentratxon S and K represents a constant defined
as K = 2?2 ng 2(dn/dc)? A" N » D being the refractive index, A the

wavelength of light, and N A the Avogadro number. The weight-
average molecular weight Mw was obtained from the reciprocal of
the intercept on the ordinate, (Kc/"RB)c=0, 9=0' From the slope

of the zero angle line, A2 values were calculated, and from the ratio
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TABLE 1. Viscometric and Light-Scattering Data for Chlorosuifo-
nated Polyethylene in Toluene

Molecular Az
weight, [n] g2y 1 (em®/g?
Fraction M, x 107 (dL/g) (A)'% x 10%)
F-1 33.113 2.27 3493 0.755
F-2 25,000 1.75 3384 1.372
F-3 18.180 1.43 3226 0.333
F-4 9.120 1.17 3159 0.500
F-5 8.318 1.11 3046 0.833
F-6 5.405 0.84 2309 0.636
F-7 4,786 0.78 2236 0.636
F-8 4,545 0.73 2117 1,562
F-9 4,365 0.70 1704 3.171
F-10 3.311 0.65 1474 2,973
F-11 3.125 0.60 1292 1.212
F-12 2,777 0.56 1207 1.875
- FP-13 2,381 0.51 1167 0.428
F-14 1.905 0.47 1106 0.937
F-15 1.351 0.37 1057 1.256
F-16 1.031 0.34 941 1,786
F-17 0.909 0.28 729 2,000
F-18 0.667 0.27 701 1.667

of the initial slope of the zero concentration line to the intercept, the
Z-average radius of gyration (S?) , Vas obtained as

2

A

Initial slope 1672 n
(5%
Intercept 3 z

0

where AO is the wavelength of light in a solution of refractive index n.

The results are tabulated in Table 1.
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FIG. 1. Zimm plot for chlorosulfonated polyethylene (F-5) in
toluene.

RESULTS AND DISCUSSION

The Mark-Houwink equation [ 28], which on empirical ground re-
lates polymer molecular weight with intrinsic viscosity, is expressed
as[n] = K‘MWV where K' and v are constants independent of molecu-

lar weight for a specific polymer solvent system., Figure 2 shows the
log-log plot of [n]pagaipst Mw for chlorosulfonated polyethylene in

toluene, The best-fit line with the range of molecular weight from
33.115 x 10° to 6.66 x 10* leads to [y} = 5.2481 x 107* Mw°'56, The v-

value of 0.56 for the polymer in toluene indicates a low hydrodynamic
volume and a tightly coiled structure. Figure 2 also shows a linearity
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FIG. 2. Log-log plot of [n] vs Mw for chlorosulfonated poly-
ethylene.

extending up to the high molecular weight region studied, thus indi-
cating little evidence of branching.

Integral and differential molecular weight distribution for this
polymer were calculated by the methods of Schulz [ 29] and Tung [ 30}
and are shown in Figs. 3 and 4. From these two distribution curves
it is seen that 50% of the chlorosulfonated polyethylene has a molecu-
lar weight over 5.321 x 10° and the most abundant species is of 1,905
% 10° molecular weight. The differential molecular weight distribu-
tion curve also shows the long extension at high molecular weights
that appears to be typical of diene polymers.

The second virial coefficient Az and the radius of gyration gen-
erally show a downward trend with molecular weight. However, no
definite trend could be detected in the A2 values listed in Table 1.

It should be remembered that the experimental determination of A»
from light-scattering data is rather hazardous and irregularities
have often been reported [ 31-33].

Attempts have been made to explain the [7] -M relations on the
basis of various models [34] . In the bead and spring model, a pro-
posed Gaussian chain of n + 1 beads, each with mass m, radius Rs’

and separated from its neighbors by a s,gring with a rest length b,
leads to the relation [n] = ¢'(Xh*)(S?) ¥*/M with X, a draining
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FIG. 3. Integral molecular weight distribution curve for chloro-
sulfonated polyethylene,

wim) x 107
[42]
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FIG. 4. Differential distribution curve for chlorosulfonated
polyethylene.
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TABLE 2. Parameters Derived from the Dependence of [7] on M,

(8%/N),
Polymer Solvent X 10% A 10°h*  10° R, A
Chlorosulfonated Toluene 4.47 177 5.47 0.33 0.11

polyethylene

parameter, defined as X = 2'*h*M*/? where h* = (Rs/mn)(27r (8%)/
M) 2 and h* = h*V m . The quantity (R_/m ) is related to Z, the
friction factor in the absence of hydrodynamic interaction, by RS/ m

= EFD/GW My . For infinitely long chains, Pyun [35] obtained the
relation

lim 107 2%¢"(X, h*) = 9.67X/(1 - 1.414h¥)
n=0

Again, the expressions for ¢' have been put in a form such that the
molecular weight dependence of [n] can be put in the form

MY2 /[n] = [K'((S2)/My2 ]~ [ 1 + (A/M?)]

and adequately represents the molecular weight dependence of [n],

at least over a reasonable span in M. Evaluation of (S®)/M from the
intercept of a plot of M*2 /[n] vs M™*/2 requires the use of a model
to give a value for K''. Similarly, interpretation of A in terms of the
parameters h*, h* and A requires the use of a model. Data on
chlorosulfonated polyethylene has been analyzed, and the results for
((S2 )/N and A are shown in Table 2. The subscript  signifies

that the estlmate derives from data on intrinsic viscosity as a func-
tion of molecular weight. Further analysis of these data with the
value of A leads to the estimates for h* given in Table 2. This value
of h* can be used to compute the value of Rs shown in Table 2. The

value of A obtained from ¢ )"* =2.22 +[(VZh" A - K)/2.27] is also
shown in Table 2.

To analyze the data shown in Table 2, it can be stated that the
positive value of A indicates a deviation from nondraining hydro-
dynamic behavior, However, the decrease in ((S?) /N)’7 value is

sufficient to increase h* to the range where nondraining behavior is
to be expected under the conditions of this study. The verylow value of
[(s? )/N] indicates a high degree of coiling, resulting in solvent

immobili 1z ing behavior.
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