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ABSTRACT

Kinetic studies on the decomposition of poly-p-isopropyl-a-
methylstyrene samples with molecular weights ranging from
1.2 X 10* to 8,9 X 10° were carried out with the differential
thermogravimetric technique. Changes in molecular weight
distributions, at different temperatures, were studied by
gel-permeation chromatography. The results show that the
mechanism responsible for the decomposition is that of
depolymerization. The order of the reaction was found to be
one. The activation energy for the decomposition of polymer
samples of series S (which are less branched in structure)
decreases with increasing molecular weight. For the more
branched samples of series F, the activation energy remains
essentially constant with increasing molecular weight. For
identical molecular weights, samples of series F require a

*Present address: Universite des sciences et techniques de Lille,
Laboratoire de cinétique et chimie de la combustion, B. P. 36-59650
Villeneuve d'Ascq, France.

tPresent address: Université du Québec, Chicoutimi, Que.,
Canada.

103

Copyright © 1978 hy Marcel Dekker, Inc. All Rights Reserved. Neither this work nor any part
may be reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopying, microfilming, and recording, or by any information storage and retrieval system,
without permission in writing from the publisher.



08: 43 25 January 2011

Downl oaded At:

104 MALHOTRA ET AL.

a lower activation energy than do samples of series S. The
proportions of the three steric forms, viz., isotactic, hetero-
tactic, and syndiotactic, in the polymer, both before and after
thermal treatments, did not change, suggesting that stereo-
regularity has no apparent effect on the decomposition of poly-
p-isopropyl-a-methylstyrene.

INTRODUCTION

Studies related to kinetics, to gel-permeation chromatographic
(GPC) molecular weight distribution changes and to the effects of
stereoregularity on the thermal decomposition of polystyrene (PS)

[ 1] and of poly-a-methylstyrene (PaMS) [ 2] have been reported on
earlier from this laboratory. It was noticed that in order to obtain
identical weight losses during the thermal decomposition of PS and
PaMS of equal molecular weights, a lower temperature and a lower
activation energy were required for the PaMS material. Furthermore,
in the case of PaMS the mechanism of decomposition involved solely
"depolymerization' while in the case of PS both random scissions

and depolymerization were jointly responsible for the decomposition.
The order of the reaction for the depolymerization mechanism in-
volved in both studies was found to be one.

In the case of PaMS, the triad intensities due to the a-methyl
groups, both before and after thermal treatments, remained unchanged,
suggesting that there was no apparent influence of stereoregularity
on the decomposition of this polymer. It should be mentioned here
that in the decomposition of PS [ 1], various components of a sample
having the same weight-average molecular weights (Mw) decomposed

at different temperatures, and consequently it was speculated that these
may have different steric structures. In order to reconfirm such ob-
servations and to explore the effects of other substituents on the
kinetics and on GPC molecular weight distribution changes, studies
were carried out on the thermal decomposition of poly-p-isopropyl-a-
methylstyrene (PPIPaMS). The results obtained are discussed in the
present communication.

EXPERIMENTAL
Materials

Anionically prepared [ 3, 4] PPIPaMS samples [ 5] showing uni-
modal GPC molecular weight distributions and having Mw ranging
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from 1.2 X 10* t0 6.9 x 10° were used in the present study. The
PPIPaMS samples of series S were prepared in bulk at -25°C with

a butyllithium-tetramethylethylenediamine complex. Those of series F
were polymerized at 25°C with an Na-K alloy [ 3]. Calibration of the
GPC instrument was performed with low polydispersity (Mw/l\_/ln)

PPIPoMS samples for which Mw were calculated from light scattering

data [ 4]. The tacticities of these polymers were calculated from their
nuclear magnetic resonance (NMR) spectra recorded in o-dichloro-
benzene at 100°C with tetramethylsilane as the internal standard [6].

Apparatus

A Perkin-Elmer TGS-1 thermogravimetric scanning balance and a
Perkin-Elmer model DSC-2 differential scanning calorimeter were
used in the present study [ 2].

Analyses of the PPIPaMS samples, both before and after decom-
position, were carried out with a Waters Associates model 200 GPC
[2]. Molecular weights were then computed by the summation method
as suggested by the supplier [ 7].

RESULTS AND DISCUSSION

In Table 1 are summarized values of the percent weight loss o,
the molecular weight M w and the polydispersity P 4 (M /_ ) obtained

both before and after the 50 min isothermal decomposxtlon of various
PPIPoMS samples. In the case of high molecular weight ( > 1.0 x 10°)
polymers and at high values of a, the values of Mw decrease while
those of P d
of the remaining polymers (1.1 X 10*-1.0 x 10°), the Mw and ﬁd values
do not change for all values of a. _

In Fig. 1 are presented the variations of Mw with temperature for

remain unchanged during the decompositions. In the case

PPIPaMS samples of series S. One notes that on heating samples for
50 min at temperatures up to 250°C, the Mw of the polymers decrease

very little. On heating beyond 250°C, some of the polymers (S-19, §-25,
S-15, F-6, and S-17) show a noticeable decrease in M .

In Table 2 are summarized ¢, M_, and Pd’ values obtamed both
before and after the isothermal decomposxtion at 300°C of PPIPaMS
samples during different periods of time. It may be noted that except
for sample F-5 whose M and P decreased from 2.8 x 10° to 0.93 x 10°
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FIG. 1. Variation of molecular weight Mw with temperature for

eight poly-p-isopropyl-a-methylstyrene (PPIPaMS) samples (series S
and F). See Table 1 for other data.

and from 3.9 to 2.7, resPectively, at o = 70%, the other PPTPaMS
samples (MW = 1.1 x 10* to 1.56 x 10°) showed no such important

changes; instead, the Mw of these polymers decreased regularly
though slowly, while the P d values remained unchanged.
In Fig. 2 are shown the variation of Mw in PPIPaMS samples of

series S, with the volatilized fraction a, defined as the ratio of poly-
mer mass decomposed at temperature T to its initial mass. For a

values less than 0.1, Mw does not change except in S-19, where it
decreases from 6.9 X 10° to 6.2 X 10°, These results resemble those
obtained in the decomposition of PaMS [ 2], but differ to a great extent

from those found in the decomposition of PS [ 1] where, for comparable
values of a, the Mw decrease was 5- to 10-fold greater and some-

times even higher. _
In Fig. 3 are shown the variations of MW with a for the PPIPaMS
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FIG. 2. Variation of Mw with volatilized fraction a for six PPIPaMS

samples {series S): (o, &, o) data of a obtained as a function of
temperature; (®, 4, ® ) data of a obtained as a function of time. See
Tables 1 and 2 for other data.

samples of series F. One notes that the decrease in Mw in all of the

four polymers is very gradual, even linear (except for F-8).

In order to gain some idea of the influence of substituents such as
p-isopropyl and p-isopropyl plus the a-methyl group on thermal treat-
ments, it was thought of interest to compare the results of PS, PaMS,
and PPIPaMS decompositions.

Comparison of the Decompositions of PPIPaMS and
PaMS

To carry out a precise comparison between these decompositions,
two polymers from each study were analyzed for M, changes in three
a value ranges: (1) less than 0.1, (2) between 0.1 and 0.2, and (3) higher
than 0.2,
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FIG. 3. Variation of Mw with a for four PPIPaMS samples

(series F): (o, 0) data of a obtained as a function of temperature;
and (e, 4, m) data of a obtained as a function of time. See Tables 1
and 2 for other data.

PPIPoMS (Sample F-6) and PoMS (Sample 5) [2]. In
the case of the decomposition of sample F-6 (Mw = 1.56 x 10°) yield-

ing a values of 0.07, 0.13, and 0.34, isothermal heating was carried
out at temperatures of 250, 275, and 290°C, respectively. The overall
My values of the polymer at these values of a were 1.43 x 10°,
1.30 x 10° , and 0.94 x 10°, respectively.

In the case of sample 5 (Mw = 1.83 x 10°), for identical values of

a, isothermal heating would be required at 275, 286, and 298° C with
overall M_ changing from 1.63 x 10° to 1.50 X 10°, 1,45 x 10°, and

1.35 X 10°, respectively.
PPIPoMS (Sample S-9) and PoMS (Sample M-3)[2]. In

the case of the decomposition of sample S-9 (MW = 3.8 x 10*) yielding

a values of 0.07, 0.17, and 0.40, isothermal heating was carried out at
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temperatures of 250, 275, and 290°C, respectively. The overall Mw

values of the polymer at these values of a were 3.7 X 10%, 3,7 x 10%,
and 4.0 X 10, respectively.
In the case of sample M-3 (MW = 4,1 x 10%), for identical values of

a, isothermal heating would be required at 265, 295 and 307.5°C with
overall Mw changing from 4.1 X 10* to 4.0 x 10*, 3.8 x 10* and 3.45

X 10 respectively.

Based on these comparisons, it can be concluded that for identical
values of a, in equimolecular weight polymers, the temperature of
decomposition is 10 to 20°C lower for PPIPaMS than that for PaMS.
The changes in Mw with a for both polymers follow similar trends.

Comparison of the Decompositions of PPIPaMS and
Ps

PPIPaMS (Sample S-25) and PS (Hoechst Standard).
In the case of the decomposition of sample 8-25 (Mw =4,3%x10°)toa

values of 0.065, 0.13, 0.25, and 0.46, isothermal heating was carried
out at temperatures of 175, 250, 275, and 290°C, respectively. The
overall Mw values of the polymer at these a values were 4.1 x 10°,

4.0 x 10°, 3.5 x 10°, and 2.9 X 10°, respectively.
In the case of the decomposition of the PS [ 1] (MW = 4,3 x 10°),

for identical values of a, isothermal heating would be required at 335,
360, 370, and 378°C, respectively with overall Mw changing from

4.3 x 10° to 1.1 x 10°, 0.8 X 10°, 0.64 x 10°, and 0.44 X 10°, respec-
tively.

PPIPaMS (Sample F-6) and PS (Pressure Chemical
Standard). _As mentioned above in the case of the decomposition
of sample F-6 (M = 1.56 X 10°) leading to a values of 0.07, 0.13, and

0.34, isothermal heating was carried out at 250, 275, and 290°C, respec-
tively. The overall Mw of the polymer at these values of a were 1.43

X 10°, 1.30 X 10° and 0.94 X 10°, respectively.

In the case of the decomposition of the PS [ 1], for identical
values of a, isothermal heating would be required at 340, 358, and
368°C with overall M_ changing from 1.6 x 10° to 0.85 x 10°, 0.68

x 10%, and 0.48 x 10°, respectively.

Based on these comparisons, it can be concluded that for identical
values of a in equimolecular weight polymers, the temperature of
decomposition is 70-100°C lower for PPIPeMS than that for the PS
standard, Furthermore, the decreases in M__ with a (for a < 0.1) are
many times greater in the latter polymer.




08: 43 25 January 2011

Downl oaded At:

114 MALHOTRA ET AL.

An overall analysis of molecular weight changes associated with
the decomposition of PS, PaMS, and PPIPaMS suggests that, while
the mechanisms responsible for the decomposition of PS are those of
random scissions and depolymerization, in the case of PaMS and
PPIPaMS these decompositions are brought about by depolymeriza-
tion alone.

__ In the earlier work [ 1], it was noticed on occasion that when the
MW and P d changes were followed from overall results, erroneous

conclusions were drawn. To avoid such conclusions in the present
work and to obtain a better understanding of the decomposition
process, it was decided to compare normalized GPC molecular
weight distributions where the area under the GPC curves correspond
to the weight of the undecomposed polymer. If one substracts from
the initial distribution curve of the undecomposed polymer the distri-
bution curve of any subsequently decomposed polymer, one can read-
ily visualize the changes that take place resulting from the decompo-
sition of the higher molecular weight species.

To illustrate the above, the GPC distribution of an undecomposed
PPIPaMS sample (S-19) was compared successively with those of
four other samples decomposed during 50 min periods at 200, 250,
275, and 290°C, respectively. The volatilized fraction of the polymer
is represented, in each case, by the area marked with vertical hash
lines and the symbol (-). These same areas have, further, been con-
verted into distributions shown in Fig. 4 in the form of dashed lines.

MW calculations from the dashed line distributions in Fig. 4 show

that on heating polymer S-19 for a period of 50 min at temperatures
of 200, 250, 275, and 290°C, fractions of the polymer with a values
of 0.07, 0.17, 0.41, and 0.62, respectively, and having M_ of 1.62 x 10°,

1.31 x 10°, 8.6 x 10°, and 6.9 x 10°, respectively have disappeared.

In Fig. 5 is presented a successive comparison of the GPC molecu-
lar weight distribution of another undecomposed PPIPaMS sample
(S-25) with those of three other samples decomposed during 50 min
periods at 200, 250, and 290°C, respectively. It would appear that
under these conditions fractions of the polymer with a values of 0.08,
0.13, and 0.46 and with M__ of 6.6 X 10°, 6.3 X 10°, and 5.9 X 10°,

respectively, have disappeared.

Based on the analyses of Figs. 4 and 5, it can be concluded that
in the decomposition of the high molecular weight PPIPaMS samples
(S-25 and S-19), fractions of polymer having Mw as high as 6.6 x 10°

(S-25) or even higher (1.62 x 10°, S-19) depolymerize. It may be
worthwhile adding here that in the case of PS standard (Mw =18

X 10°), the mechanism of the decomposition reaction for values of a
less than 0.1 was that of random scissions [ 1] which drastically re-
duced the chain lengths of the polymer. For values of a greater than
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FIG. 4. Graphical method of analysis where the GPC molecular
weight distribution curves are borken down into various components
for the case of PPIPaMS sample S-19 subjected to 50 min isothermal
treatments at different temperatures. See Table 1 for other data.

0.1, depolymerization reactions began to operate and, at a DP (degree
of polymerization) of about 300 (Mw = 3.6 X 104), these became the

principal mode of operation. During the course of such depolymeri-
zation reactions (case of PS (Mw = 1.0 x 10%) [ 1]), it was noted that

the maxima in the GPC molecular weight distributions of both unde-
composed and decomposed (a values as high as 0.73) PS did not change,
and their Mw values remained constant. These results are somewhat

different from the depolymerization phenomenon observed in the
present study, where the GPC maxima do vary (Fig. 4 and 5) and the
fractions of polymer possessing higher Mw depolymerize earlier
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FIG. 5. Graphical method of analysis where the GPC molecular
weight distribution curves are broken down into various components
for the case of PPIPaMS sample S-25 subjected to 50 min isothermal
treatments at different temperatures. See Table 1 for other data.

than do those of lower Mw' To find the critical Mw where the depolym-

erization reaction in the decomposition of PPIPaMS resembles that of
PS, PPIPaMS samples with lower Mw were subjected to various iso-

thermal treatments, In Figs. 6 and 7 are shown the normalized GPC
molecular weight distributions of undecomposed and decomposed
polymer samples S-15 (Mw = 2.8 X 10°) and F-6 (Mw = 1,56 X 10°),

respectively. It may be noted that the GPC maxima in these depolym-
erizations do change slightly. In the case of S-15, for a values of 0.11,
0.23, and 0.36, polymer fractions having overall M of 3.6 x 10°,
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4.1x 105, and 4.2 X 10° depolymerize completely. In the case of F-6,
for a values of 0.04, 0.13, and 0.34, the polyrner fractions having over-
all M__ of 3.3 x 10°, 3.3 x 10°, and 2.8 X 10° depolymerize completely.

From these analyses (Table 1) it would appear that the critical —Mw

for the PS type depolymerization in PPIPaMS samples is lower than
1.56 x 10°. Isothermal treatments at various temperatures on
PPIPeMS samples of M_ lower than 1.56 X 10°, viz., S-17 (0.93 x 10°),

S-27 (0.75 x 10°), S-9 (0.38 x 10%), S-20 (0.23 X 10%), and S-10 (0.11
x 10°) revealed (see Tablel) that the absolute value (for values of a
ranging from O to 0.4) of the critical Mw for PS type depolymeriza-

tion in the case of PPIPaMS is 0.4 x 10°, although for values of a of
about 0.2 the results of S-17, S-27, and S-9 decompositions can also
be fitted to a PS-type depolymerization. It should be added that in the
case of PaMS the critical Mw was also 0.4 x 10° (samples M-3, M-9

[2]) although for values of a < 0.1, this value could be stretched to
1.0 x 10°.

In order to explore further this critical Mw’ isothermal decompo-
sitions were carried out at 300°C on various PPIPaMS samples for
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FIG. 7. GPC molecular weight distributions of PPIPoMS sample
F-6 subjected to 50 min isothermal treatments at different tempera-
tures. See Table 1 for other data.

different periods of time and the results of these studies are presented
in Table 2. One notes that the absolute critical Mw value in this table

is that of PPIPaMS sample S-20 (ﬁw = 2.3 X 10%). This clearly demon-
strates that the critical Mw value is arbitrarily dependent upon the

conditions of decomposition. This is supported further by the nor-
malized GPC molecular weight distributions of undecomposed and
decomposed PPIPaMS (samples F-6 and ¥-T) shown in Figs. 8 and 9,
An analysis of the curves reveals that in the case of sample F-6,
isothermal treatments at 300°C for 20, 30, 40, and 50 min periods
give a values of 0.33, 0.50, 0.52, and 0.57, respectively, whereas the
respective fractions of sample F-6 which depolymerize between 0-20,
20-30, 30-40, and 40-50 min periods have Mw values of 2.8 X 10°,

1.2 X 10°, 1.0 x 10°, and 1.0 X 10°, thus yielding a critical M_ value
w

of about 1.0x10°. In the case of sample F-7, isothermal treatments
at 300°C for 20, 30, 40, and 50 min give a values of 0.26, 0.34, 0.44,
and 0.53, respectively, whereas the respective fractions of sample
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FIG. 8. GPC molecular weight distributions of PPIPaMS sample

F-6 subjected at 300°C to isothermal treatments for different periods
of time. See Table 2 for other data.

F-7 which depolymerize in 0-20, 20-30, 30-40, and 40-50 min have
M, values of 1.0 x 10°, 0.76 x 10°, 0.71 x 10° and 0.6 x 10°, thus

yielding a critical Mw value of 0.6-0.7 x 10°,
Different critical Mw values for various PPIPaMS samples could

also originate from the structural and configurational differences in
these polymers. In an earlier study on the glass transition tempera-
tures of PPIPoMS [ 5] it was shown that the structure of most of the
polymers used does not correspond to that of the regular PPIPeMS
whose different protons, viz., benzene, methine, S-methylene, iso-
methyl and o-methyl bear a ratio of 4:1:2:6:3. The discrepancies in
structure of polymers belonging to the same series were, however,

of a similar nature and thus their influence on thermal decompositions
is hard to correlate. PPIPaMS samples S-15 (MW =2.8 x 10°) and

F-5 (MW = 2.8 x 10°) originating from different series do show differ-
ent patterns of ¢ and Mw changes during the course of their thermal

decompositions because of their structural differences. In an earlier
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FIG. 9. GPC molecular weight distributions of PPIPaMS sample
F-T subjected at 300°C to isothermal treatments for different periods
of time. See Table 2 for other data.

study [ 4], PPIPaMS sample F-5 was shown to be more branched than
sample S-15.

Effect of Polymer Stereoregularity on Decomposition

To verify the effect of polymer stereoregularity on the decomposi-
tion of PPIPaMS, two polymers, S-15 and F-6 (same stereoregularity
as that of F-5 [ 5]), were selected. The NMR analyses of these poly-
mers presented in Table 3 showed that they carry different proportions
of the three steric configurations, viz., isotactic, heterotactic, and
syndiotactic, and are not 100% of one or the other. In Fig. 10 are
shown the NMR spectra of undecomposed (S-15-0) and decomposed
PPIPaMS (S-15-4 to -7) and in Fig. 11 are presented the NMR spectra
of undecomposed (F-6-0) and decomposed PPIPaMS (F-6-4 to -7)
samples. Based on these spectra, in Table 3 are presented structural
and configurational analyses both before and after thermal decomposition.
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FIG. 10. NMR spectra of undecomposed and decomposed samples
of PPIPoMS (S-15). See Tables 1 and 3 for other data.

One notes that PPIPoMS samples S-15 (mm = 0.18, mr = 0.41, and
rr = 0,41) and F6 (mm = 0.15, mr = 0.40, and rr = 0,45) show more
or less the same triad intensities, both before and after the thermal
decompositions. Furthermore, the structure of these polymers, both
before and after the decompositions, remain more or less the same.
This suggests that in the case of the PPIPoMS samples (Pm /r° 0.53

or 0.57 and Pr/m = 0,33 or 0.31, respectively, the influence of stereo-

regularity on decomposition is negligible.

Decomposition Kinetics

In dynamic thermogravimetry, the rate law for the decomposition
of polymer may be expressed as:

da/dT = (k/q)f(a) (1)

where a is that fraction of the polymer which is volatilized and is de-
fined as the ratio of polymer masgs decomposed at a temperature T to
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FIG. 11. NMR spectra of undecomposed and decomposed samples
of PPIPaMS (F-6). See Tables 1 and 3 for other data.

its initial mass; f(a) is a function of a; q is the heating rate (in °C/
min), and k is the rate constant.

For decompositions where weight loss is due primarily to a de-
polymerization reaction, as in the present case, f(a) has the following
form:

fla) = (1-a)" (2)

where n is the order of the reaction. Substituting this in Eq. (1), one
obtains:

da/(1 - a)® = (k/q)dT (3)

Coats and Redfern [ 8, 9] have suggested that if foa[ da/(1 - at)n]/T2 is
plotted as a function of 1/T for different values of n, that value of n
which yields a straight line may be used to compute the value of the
activation energy.

In Figs. 12 and 13 are shown dynamic thermogravimetric curves
for PPIPaMS series S and series F, respectively. The polymers had
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FIG. 12. Influence of molecular weight on the dynamic thermo-
gravimetric decomposition of PPIPaMS samples (series S) heated at
a rate of 20°C/min. See Tables 1 and 4 for other data.

molecular weights Mw ranging from 1.0 x 10* to 1.53 x 10° and were

subjected to a heating rate of 20°C/min, the initial mass of polymer
being 2 mg in all cases. The curves indicate that the higher the
molecular weight of the polymer, the lower is the temperature re-
quired to achieve 100% decomposition. For identical molecular
weights, PPIPaMS samples of series S achieve 100% decomposition
at a lower temperature than that required for the samples of series F.
By using the method of Coats and Redfern [ 8, 9], activation energies
were calculated and are presented in Table 4. For most of the poly-
mers studied, an order of reaction of one was found to yield straight
lines. This is in agreement with what had been observed earlier in
the case of the decomposition of PS [ 1] and PaMS [ 2], where the
depolymerization mechanism also followed first-order kinetics. As
it was sometimes difficult to choose between zero and one for the
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FIG. 13. Influence of molecular weight on the dynamic thermo-
gravimetric decomposition of PPIPaMS samples (series F) heated
at a rate of 20°C/min. See Tables 1 and 4 for other data.

order of reaction, activation energies were calculated for both values

of n. The results in Table 4 indicate that for PPIPaMS samples of
series S the activation energies decrease with increasing molecular
weight, whereas for those of series F activation energies remain
constant, except in the case of F-6 where the value is somewhat

lower. For identical molecular weights, PPIPaMS samples of series F
have lower activation energies than those associated with the samples of
series S. A comparison of the results obtained in the present work with
those obtained in the case of PS and PaMS reveals that the activation
energies associated with PaMS and PPIPaMS are of the same order

of magnitude while those for PS are considerably higher. Tt would
appear that o-methyl and p-isopropyl groups facilitate the formation

of radicals which bring about the depolymerization reaction and
consequently the lowering of the activation energy involved.
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TABLE 4. Activation Energy as a Function of Molecular Weight2

Activation energy (kcal/mole)
Molecular weight

Sample M x10°° For n = 0P Forn = 1P
S-8 12 30.2 -
F-8 16 - 49.5
S-20 18 50.5 63.7
S-9 24 - 61.4
F-7 30 . 52.4
S-27 32 - 64.1
S-17 40 . 60.0
F-6 47 21.0 41.0
S-15 68 30.5 56.4
F-5 70 . 50.9
S-25 130 30.2 43.5
S-19 24.2 24.1
(a < 0.4)

S-19 153 11.9 30.9
(a> 0.4)

3Method of Coats and Redfern [8, 9].
by is the order of reaction.

The principal conclusions to be drawn from this study, keeping in
mind the results obtained in the PS and PaMS decompositions, may
be outlined as follows. To obtain identical weight losses during the
isothermal decomposition of equimolecular weight samples of PS,
PaMS, and PPIPaMS, the temperature required follows the order:
PS > PaMS > PPIPaMS, As in PaMS, the mechanism responsible
for the decomposition of PPIPaMS is that of depolymerization,
whereas random scissions and depolymerization jointly play a role
in the case of PS. The depolymerization reaction in the decomposi-

tion of PPIPaMS is that of depolymerization, whereas random scissions

and depolymerization jointly play a role in the case of PS. The de-
polymerization reaction in the decomposition of PS, PaMS$, and
PPIPaMS follows first-order kinetics. The critical molecular weight

at which the weight loss is primarily due to the PS type depolymerization
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reaction in PaMS and PPIPoMS is about 4.0 X 10*. The activation
energy for the decomposition of PPIPaMS is of the same order of
magnitude as that for PaMS, but much lower to that of PS. The stereo-
regularity of the polymer has no apparent effect on the decomposition
of PS, PaMS and PPIPaMS.

Further studies are in progress on the decomposition of poly(p-
isopropyl-a-methylstyrene-isoprene) and will be reported on in due
course.
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