effectively increased (in comparison to
the vulcanizate without lignin) because
portions of the crosslinking sites be-
comes non-available to the curing agents
due to the masking effect of lignin.
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INTRODUCTION

Polystyrene (Dow S—102) is one of a
series of polystyrenes prepared in ben-
zene using n-butyllithium as the ini-
tiator!. As a result, the members of
this series should possess a near-
monodisperse distribution of molecular
weights. As a consequence of the near-
monodisperse molecular weight distri-
butions of these polymers, the Dow
polystyrenes have long been used as
‘standard’ polystyrenes in a variety of
physical measurements.

However, several recent papers®*
have reported anomalous behaviour for
several members of this polystyrene
series. Penwell and Graessley? discussed
the differences in the zero-shear melt
viscosities between the S—109 poly-
styrene and other polystyrenes of com-
parable weight-average molecular weights.
The S--109 material had the lower vis-
cosity, by a factor of about 2, and this
difference was maintained over a tem-
perature range of 142° to 227°C. A
recent examination? of the S—109 by
gel permeation chromatography (g.p.c.)
revealed that the low melt viscosity
values for this polystyrene cannot be
accounted for by the presence of a low
molecular weight tail in the molecular
weight distribution. In addition, the
S—102 polystyrene has been reported®
to exhibit an anomalously low (by 3°
to 4°C) glass transition temperature
when compared to a series of near-
monodisperse polystyrenes from Pressure
Chemicals Co.

Hence, it was thought to be of interest

to examine the S—102 polystyrene by
g.p.c. in order to elucidate in greater
detail some previously reported* ano-
malies (an unusual Aigh molecular
weight tail) present in the molecular
weight distribution of this polymer.
Thus, fractions of the S—102 were
examined in order to identify the
nature of the high molecular weight
components.

EXPERIMENTAL

The Waters Ana—Prep instrument was
used with seven 4 ft Styragel columns.
The porosity range of these columns
was from 2 x 103 to 5 x 10 A. The
carrier solvent was tetrahydrofuran at
40°C. The detector was the Waters dif-
ferential refractometer and solution
concentrations of 1/4% (w/v) were used.
The measurements were conducted at

a flow rate of 1/3 ml/min. Fullloop

(2 ml) injections were made. The instru-
ment was equipped with a 5 ml syphon.
This syphon was covered and the
syphon chamber saturated with solvent
vapour in order to minimize solvent
evaporation.

The calibration of this 7 column set
was carried out using commercial poly-
styrene standards and polystyrenes syn-
thesized and characterized in these
laboratories. the column set had a
plate count of 900 ppf at the 1/3 ml/
min flow rate.

The S-102 polystyrene was frac-
tionated at 30°C using methyl ethyl
ketone and isopropanol. A total of 23
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fractions were collected. The tacticity
of the whole polymer and one of the
high molecular weight fractions was
examined by 13C n.m.r. Perdeutero-
chloroform was the solvent used for the
n.m.I. measurements.

RESULTS AND DISCUSSION

S—102 polystyrene has been charac-
terized with regard to molecular weights
by various groups®S~'°. Ratios for

M, /M, ranging from 1.05 to 1.11 were
reported. These results seemingly indi-
cate that the S—102 sample can be
classified as having a narrowly dispersed
molecular weight. However, an inspec-
tion of the fractionation data of
Breitenbach and Streichsbier!! reveals
that their fraction 1 (out of a total of
7) had an intrinsic viscosity of 0.55

dl/g in toluene, a value which corres-
ponds to a molecular weight of appro-
ximately 1.2 x 10% g/mol. The existence
of some high molecular weight species

5l

Differential refractive index—

Gpc. counts -

Figure 1 Chromatogram of the unfrac-
tionated Dow S—102 polystyrene. M, =
8.1 X 10%* g/mol; M, = 7.4 X 10% g/mol
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Figure 2 Chromatograms of high molecular weight Dow S—102 fractions. (a) Fraction A;
(b) fraction C; (¢} fraction H; (d) fraction !; (e} fraction J; (f) fraction M

in the S—102 is also indicated by
Lutje’s” value of 1.13 for the M;/M,,
ratio. More recently*, a chromatogram
of the S—102 polystyrene revealed the
presence of an anomalous high mole-
cular weight fraction. Asa consequence
of these observations, fractions of the
Dow S—102 were examined by g.p.c.

at the slow flow rate.

Figure 1 is the chromatogram of the
unfractionated S—102. The chroma-
togram shows the presence of a high
molecular weight portion. Figure 2
shows 6 chromatograms of 6 different
fractions. An examination of these
chromatograms reveals that the high
molecular weight tail present in the
S—102 polystyrene apparently consists
of three ‘near-monodisperse’ compo-
nents. These three species have, based
on their peak elution counts, weight-
average molecular weights of 5 x 105,
2.5 x 10% and 1.5 x 10° g/mol, respec-
tively. These values may be compared
with an M, of 7.5 x 104 g/mol for frac-
tion ‘M’, representing the centre portion
of the main polymer peak. In rough
terms there are high molecular weight
components representing an apparent
two-, three- and seven-fold increase in
the molecular weight of the main peak.
The presence of the material with the
apparent molecular weight of 1.5 x 10°
g/mol can be explained by the fact that
the presence of oxygen or carbon dio-
xide during termination can cause the
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coupling of organolithium species'?~ 4,

However, no ready explanation exists,
from a polymerization viewpoint, which
can explain the presence of the two
fractions with the apparent weight-
average molecular weights of 2.5 and
5 x 105 g/mol. Nonetheless, it is im-
portant to recognize that the S—102
polystyrene contains a high molecular
weight tail and that this tail contains
material with an apparent M,, of up to
5 x 105 g/mol. However, this latter
material seemingly constitutes only
about 0.1 wt % of the overall material.
In view of the reported low glass
transition temperature exhibited by
the unfractionated S—102, the tacticity
of the unfractionated material and
fraction ‘G’ were examined by 13C
n.m.r. Both samples exhibited identical
spectra, and the tacticity corresponded
to that observed for a Pressure Chemi-
cals polystyrene and the NBS 706 poly-
styrene prepared by thermal polymeri-
zation in bulk'®. Hence, the low value
for the T of the S—102 polystyrene
cannot apparently be explained by the
presence of some variable tacticity irre-
gularity in the unfractionated material.
Furthermore, the apparent low T
of the S—102 polystyrene cannot be
explained as being caused by the pre-
sence of low molecular weight material.
Chromatograms of the final three low
molecular weight fractions Q, T, and
W, failed to show any trace of alow

molecular weight tail, the lowest mole-
cular weight fraction, W, had an M,, of
5.0 x 104 g/mol and an M,, of 4.6 x 104
g/mol from gel permeation
chromatography.

Hence, the reported® low T} of this
polystyrene apparently cannot be ex-
plained in a conventional fashion since
the n.m.r. and g.p.c. results fail to show
the existence of any non-polystyrene
components or low molecular weight
species. Parenthetically, it should be
noted that the reported? low melt vis-
cosities reported for the Dow S—109
can be explained® by invoking a low
T,, by approximately 3°C, for this
polystyrene. However, a previously
reported* g.p.c. analysis of this poly-
styrene apparently showed that the
S—109 polystyrene, like the S—102
sample, does not possess any low mole-
cular weight material.

In conclusion, it should be noted
that our fractionation data and Figure
2 reveal that the high molecular weight
components in the S—102 polystyrene
can be eliminated at the cost of about
30 wt % of the unfractionated polymer
since fraction ‘M’ was the first fraction
to show no trace of the high molecular
weight tail.
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