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Donor-Acceptor Complexes in Copolymerization.
IV. Alternating Tendency in Free Radical
Copolymerization. NMR Analyses of Alternating
and Random Copolymers

BIRENDRA PATNAIK, AKIO TAKAHASHI, and NORMAN G. GAYLORD

Gaylord Associates, Inc.
Newark, New Jersey

SUMMARY

An NMR investigation was carried out on variable composition, random
and equimolar, alternating copolymers of acrylonitrile (A) with styrene (S),
isoprene (1), and butadiene (B). The NMR spectra of the SA copolymers
contained peaks at 3 7 (aromatic ring protons), 7.2-7.5 7 (CH protons of A), and
8.1-8.5 7 (CHand CH, protons of S and CH; protons of A). All NMR peaks of the
altemnating SA copolymer were shifted to the higher field due to the shield-
ing effect of S. The NMR spectra of the 1A copolymers contained peaks
at 4.72-4.91 7 (=CH protons of I), 7.27-7.4 7 (CH protons of A), 7.71-
7.93 1 (CH, protons of 1), and 8.35 7 (CH; protons of I and CH, protons
of A). The peaks at 4.72 7 (=CH) and 7.72 7 (CH) were assigned to I in
the I-A diad and the peaks at 491 7 (=CH) and 7.93 7 (CH;,) were assigned
to I in the I-I diad. The NMR spectra of the BA copolymers contained
peaks at 4.4-4.6 7 (=CH protons of B), 7.2-7.5 r (CH protons of A), 7.71-
7.97 1 (CH; protons of B), and 8.0-8.4 7 (CH; protons of A). The peaks
at 442 7 (=CH) and 7.71 7 (CH;) were assigned to B in the B-A diad
and the peaks at 4.6 7 (=CH) and 7.9 1 (CH,) were assigned to B in the
B-B diad. The alternating structure of the copolymers prepared through
metal halide-activated complexes was confirmed by NMR analysis. The
random copolymers prepared by free radical initiation contain a high con-
centration of alternating sequences, as anticipated from the values of r; and
r, where 1,(S, I, and B) is 6-10 times higher than r, (A).
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INTRODUCTION

The tendency to alternation of comonomer units in free radical copolym-
erization has long been discussed in relation to the monomer reactivity
ratio, the formation of a transitory complex between the growing radical
end and the incoming monomer, and the polarity of the comonomers.

However, since the alternating structure has been based on the chemical
composition of the copolymer obtained from elemental analysis, the actual
sequence distribution of monomer units in the copolymer chain could not
be determined, with the exception of the copolymerization system in which
only alternating copolymer always resulted, irrespective of monomer charge,
e.g., styrene-maleic anhydride.

As a result of recent developments in NMR analysis, a number of poly-
mer structures have been successfully determined and it has become pos-
sible to determine the distribution of monomers in a copolymer.

In this study an attempt has been made to analyze the sequence distri-
bution of styrene-acrylonitrile, isoprene-acrylonitrile, and butadiene-
acrylonitrile in their copolymer backbones, and the results are discussed
in relation to the monomer reactivity ratio.

NMR investigation of styrene-acrylonitrile copolymers has been limited
to two areas, composition analysis [1, 2] and the calculation of reactivity
ratios based on the composition obtained by NMR analysis [3].

NMR investigation of isoprene polymers has been limited to polyisoprene
[4-7], isoprene-butadiene [8], and isoprene-isobutylene [9]) copolymers.
The emphasis in these studies has been on the microstructure and the com-
position of the polymers.

The configuration, microstructure, and composition of polybutadiene
and copolymers of butadiene with isoprene and styrene have been char-
acterized by NMR [10-12]. Although butadiene-acrylonitrile copolymers
have not been studied in detail, some information regarding the alternating
structure has been reported by Furukawa and Iseda [13].

EXPERIMENTAL

Styrene-Acrylonitrile Copolymers

The random copolymers were prepared in bulk at 60°C using benzoyl
peroxide as the initiator. The reaction was stopped in all cases at less than
8% conversion.
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The 1:1 alternating copolymer was prepared by the procedure of
Gaylord and Antropiusova [14]. A solution containing styrene, acrylo-
nitrile, and benzoyl peroxide was inserted by means of a hypodermic sy-
ringe through a self-sealing rubber cap into a reaction flask which contained
anhydrous zinc chloride, and was flushed with nitrogen and kept at 25°C.
The reaction mixture was stirred in a nitrogen atmosphere until approxi-
mately 5% monomer conversion was obtained, and the reaction was then
terminated by the addition of acetone containing hydroquinone. The
acetone solution of the reaction product was poured into a large amount
of methanol to precipitate the copolymer.

The copolymers were dissolved in chloroform or dimethyl sulfoxide,
reprecipitated into methanol, and dried at 40°C in vacuo to constant
weight. The chemical composition was calculated from the nitrogen
analysis.

The NMR spectra of the free radical-initiated samples (Fig. 1) were
examined in CDCl; or dimethyl sulfoxide-ds (DMSO-d¢) at 31°C, and
the alternating copolymers were examined in CDCl; at 70°C at 100 Mc.

Diene-Acrylonitrile Copolymers

Copolymers containing isoprene and acrylonitrile in 47/53 and 42/58
mole ratios were prepared from 35/65 and 10/90 monomer charges in
bulk at 50 + 5°C using t-butyl peroxypivalate as the radical initiator. The
reactions were terminated at less than 10% monomer conversion and the
copolymers were precipitated into methanol. A copolymer containing
butadiene and acrylonitrile in a 43/57 mole ratio was similarly prepared
from a 10/90 monomer charge.

The other random diene-acrylonitrile copolymers were prepared in
emulsion according to the method described in Ref. [15].

The 1:1 diene-acrylonitrile alternating copolymers were prepared accord-
ing to the procedure of Gaylord and Takahashi [16], which involves sub-
stantially the same technique as in the preparation of the 1:1 styrene-
acrylonitrile alternating copolymer using zinc chloride or ethylaluminum
sesquichloride as complexing agent. The reactions were carried out both
in the presence and in the absence of t-butyl peroxypivalate at 50 + 5°C
and were terminated at less than 5% monomer conversion. Although the
resulting copolymer composition is always equimolar, independent of
monomer charge, the reaction was generally carried out with monomer
charges containing more acrylonitrile than diene,
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Fig. 1. NMR spectra of styrene-acrylonitrile copolymers prepared with free
radical catalysts. Copolymer composition S/AN (mole ratio): (A) 71/29;
(B) 65/35; (C) 45/55; (D) 30/70.

The copolymers were dissolved in chloroform, reprecipitated into methan-
ol, and dried at 40°C in vacuo to constant weight.
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RESULTS AND DISCUSSION

As shown in Table 1, both r, (styrene, isoprene, or butadiene) and 1,
(acrylonitrile) are very small and hence suggest that there would be a strong
alternating tendency for M; and M, in the three comonomer systems. Fur-
ther, since 1 is considerably higher than r,, M; would tend to be present
in longer blocks, in addition to the alternating tendency of M, and M,.
Therefore, if the copolymers obtained at low conversion of monomers are
analyzed as containing less than 50 mole % of acrylonitrile, the acrylo-
nitrile (A) unit of the copolymer must be surrounded by M, , i.e., styrene
(S), isoprene (I), or butadiene (B), to give an —M;M ;AM, — sequence. If
the copolymer contains more than 50 mole % of M,, then A—A—A blocks
result.

Table 1. Reactivity Ratios

M, M, 1§ Iy Ref.
Styrene-acrylonitrile 0.37-0.52 0.03-0.06 [17-19]
Isoprene-acrylonitrile 0.29-0.45 0.03-0.05 [20]
Butadiene-acrylonitrile 0.28-0.46 0.0 -0.05 [20]

Therefore, the alternating tendency of A in the copolymer containing
less than 50 mole % of A would be very high when compared with that in
the copolymer containing more than 50 mole % of A, while the exact op-
posite would be the case for M;, although the block tendency would be
high for M, such as 8, I, and B monomers. Therefore, if the copolymers
are analyzed as 1:1 molar compositions, they should have alternating
monomer sequences, irrespective of whether they are prepared by the con-
ventional free radical system or the metal halide-complexed system.

These postulates based on the reactivity ratios should be readily demon-
strated by NMR investigation of the copolymers containing varying ratios
of monomers, and the results may be compared with those from the al-
ternating copolymers obtained from the metal halide systems [13, 14, 16,
21, 22]. In fact, this should be a most effective physical method to prove
the alternating structure of the copolymer whose composition is indicated,
by the chemical analysis and by the nature of the copolymerization reac-
tion, to be a 1:1 copolymer, irrespective of monomer charge ratio.
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Styrene-Acrylonitrile (SA) Copolymer

The NMR spectra of the SA copolymers of different composition, pre-
pared by the conventional free radical catalysts, are presented in Fig. 1.

In general, the peaks appear in three areas of the spectrum. The peak at
~3 1 is obviously due to the aromatic ring protons. The peak at ~7.2-
7.5 7 is due to the methine of A and is due to the fact that in polyacrylo-
nitrile the methine proton appears at a lower field than the methylene
protons. The area under this peak decreases as the A content in the co-
polymer decreases. In addition, the area under this peak (Fig. 1C and

Fig. 2) corresponds to only one proton. The peak at the highest field
strength (~8.1-8.5 7) is assigned to the methylene protons of A and the
methine and methylene protons of S.

Sample 1D in Fig. 1 (S/AN = 30/70) was run in DMSO-d4 and the
peaks centered at 6.75 and 7.5 7 are due to the water absorbed in the
solvent and the hydrogen atoms remaining in dimethyl sulfoxide-dg
(DMSO-dg).

It would appear that in all of these samples the aromatic protons
appear in two peaks due to the ortho and meta-para protons. The aro-
matic protons have shifted to a lower magnetic field as compared to
polystyrene because of the A units in the backbone, and as the A content
increases, the aromatic protons shift downfield.

In Fig. 1A the a-methine proton of A absorbs at a higher field than the
corresponding proton in polyacrylonitrile because of the shielding provided
by the neighboring S units. In Fig. 1A the a-methine proton peak is broad-
ened because of partial overlapping of the other backbone protons due to
both S and A. As the A content increases, the peak takes a more definite
shape, as in Fig. 1C and D, and its position approaches the absorption ob-
served in polyacrylonitrile, indicating the presence of more A-A diads
(Fig. 1D). It would appear that the a-methine proton absorption of A is
more broadened in Fig. 1D (S/A = 30/70) than in Fig. 1C (S/A = 45/55).
Similar effects are also observed with the methylene proton absorption in
all the samples.

Figure 2 illustrates the NMR spectra of SA 1:1 alternating copolymers
prepared by complexation with ZnCl, both spontaneously (Fig. 2A) and
catalyzed by a free radical catalyst (Fig. 2B). Both spectra run at 100 Mc
in CDCl; at 70°C are identical. In these spectra there are three principal
areas of sharp absorption. The aromatic ring protons appear as two peaks
around 3 7. The a-methine proton of A appears as a single peak around
7.35 7, and the other backbone protons are centered around 8.33 7. The
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Fig. 2. NMR spectra of 1:1 alternating styrene-acrylonitrile copolymer pre-
pared by complexation with ZnCl,. (A) Spontaneous; (B) benzoyl peroxide
catalysis,

SA copolymer prepared using ethylaluminum sesquichloride also exhibits
an identical spectrum.

The copolymers prepared by complexation with metal halides are con-
sidered to be alternating equimolar copolymers [14, 21]. The splitting in
the phenyl resonance (Fig. 2A and B) might be considered as due to the
diamagnetic shift of the ortho proton arising from successive styrene units.
However, it is generally understood that this is also due to all other en-
vironmental groups [23]. Similar splitting of the phenyl resonance has
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Fig. 3. NMR spectra of isoprene-acrylonitrile copolymers. (A, B, C, E)

Prepared with free radical catalysts; (D) prepared in the presence of ZnCl,

or Et, sAICl, s. Copolymer composition IfAN (mole ratio): (A) 73/27,
(B) 64/36; (C) 53/47; (D) 50/50; (E) 42/58.

also been observed in 1:1 styrene-methyl methacrylate alternating co-
polymers [21].

It is also apparent that the spectra in Fig. 2 resemble the spectrum in
Fig. 1C which has an approximately 1:1 (S/A = 45/55) composition. It is
of interest to note that equimolar SA copolymers prepared by conventional
radical copolymerization exhibit infrared spectra, differential thermal analy-
sis, and X-ray patterns which are indistinguishable from the corresponding
copolymers prepared through complexation with AlEt, sCl, s {21].
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The 1:1 SA copolymer prepared by the conventional free radical catalyst
apparently has a predominantly alternating structure. This is supported by
the reactivity ratios and the probabilities of the sequence distribution based
on the radical effect indicates a 75-80% alternating sequence,

Isoprene-Acrylonitrile (IA) Copolymer

The NMR spectra of the IA copolymers are presented in Fig. 3. The
peaks centered around 4.75 7 are due to the olefinic protons in the I unit.
The peak at 7.35 7 is ascribed to the methine proton of the A unit. The
peaks around 7.7-7.95 7 are due to the chain methylene protons belonging
to the I unit. The methyl protons of I along with the methylene protons
of A are observed at the highest field strength at about 8.35 r. This has
been arrived at from measurement of relative peak areas and comparison
with a BA copolymer. In the NMR spectra, however, no 3 4-polyisoprene
could be detected. This suggests that the I units are almost exclusively
present in 1,4 configuration. In polyisoprenes, the cis- and trans-1,4 con-
figurations can be differentiated from the methyl proton resonance. In
these copolymers the methyl protons appear in a single peak, and it is as-
sumed that the I units are present in all trans structure by analogy with the
almost exclusively trans structure present in the corresponding BA co-
polymers.

In Fig. 3, spectra A, B, C, and E represent the IA copolymers of differ-
ent compositons whereas the spectrum in Fig. 3D is that of the 1:1 alter-
nating copolymer. It would appear that, whereas in the spectrum in Fig. 3D
the peaks are all sharp and do not exhibit multiplicity, the random copoly-
mers prepared by a free radical catalyst exhibit either broad peaks or mul-
tiplicity in the peaks. This is due to the different sequence distributions.
In the case of 1:1 IA alternating copolymer the olefinic protons appear at
4.72 rand the methine proton of A appears at 7.27 7. The assignment of
the methine proton of A is based on the lower-field absorption of the
methine proton compared to the methylene proton in polyacrylonitrile
and the relative peak area measurement. The peak at 7.72 7 is assigned
to the methylene protons of isoprene units present in the isoprene-acrylo-
nitrile diad. The peak at 8.32 7 is assigned to the methyl protons of the
I units and the methylene protons of the A units.

In addition to the alternating IA sequence, other sequences such as
A-L-I and I-I-I should be present in the sample in Fig. 3A which has a
73/27 1/A composition. The olefinic proton appears as three peaks at
4.72, 4.80, and 4.91 7. These peaks are assigned essentially to the A-I-A,
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Fig. 4. NMR spectra of butadiene-acrylonitrile copolymers. (A, B, D) Pre-
pared with free radical catalysts; (C) prepared in the presence of ZnCl, or

Et, sAICl, 5. Copolymer composition B/AN (mole ratio): (A) 78/22;
(B) 54/46; (C) 50/50; (D) 43/57.

A-I, and I-I-I sequences, although contributions by the different cotactic
configurations cannot be ruled out.

The peak at 4.80 7 in Fig. 3B is more intense because of the presence
of a greater number of A-I-I sequences. As the A content in the copolymers
increases, the peaks at 4.80 and 4.91 r become less intense and almost dis-
appear.

The peak at 7.4 7 in Fig. 3A is assigned to the methine proton of A.
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The intensity of the peak increases and the peak shifts toward the lower
field approaching that of polyacrylonitrile with the increase in the A content,
which is expected due to the deshielding effect and the increased A-A diad
content.

The peaks at 7.71-7.93 7 are assigned to the methylene protons of the 1
units only. This appears as three distinct peaks in Fig. 3A and B depending
on the sequence distribution. The peak at 7.93 7 is assigned to the methyl-
ene units present in I-1 diads. The peaks at 7.72 and 7.78 7 are assigned to
the methylene protons of I in A-I-A and A-I-I sequences. As the A content
increases, the intensity of the 7.93 1 peak decreases and ultimately disap-
pears. The methylene protons of I in the alternating 1:1 copolymer
(Fig. 3D) show a small shoulder at 7.78 7. The spectrum of this sample
when run at 70°C (not shown in the figure) showed three peaks at 7.72,
7.77, and 7.82 7. This is possible due to the contributions by the cotactic
configurations of the I and A units. The close spacings could be attributed
to the flexible nature of the copolymer chain.

It would appear that the spectra in Fig. 3C and D are almost identical
except for a shoulder at 7.93 7 in Fig. 3C due to the I-I diad. The sample
of Fig. 3C analyzes for an almost equimolar composition, and its spectrum
indicates that it has a very high content of 1:1 alternating sequences.

Butadiene-Acrylonitrile (BA) Copolymer

The NMR spectra of the BA copolymers are presented in Fig. 4. There
are four principal areas of absorption. The peaks at 4.4-4.6 7 are assigned
to the olefinic protons in the 1,4 configuration of B. The olefinic protons
(=CH;) in 1,2 configuration appear at 5.0 7. The peaks around 7.2-7.5 7
are due to the methine proton of A, which was arrived at from the relative
peak position in polyacrylonitrile and the peak area. The peaks at 7.7-8.0
7 are assigned to the methylene protons of the B units, supplemented by
the chain methine protons

I
(—CH-)

present in the 1,2 configuration of the B unit. The peaks at 8.0-8.4 7 are
assigned to the methylene protons of the A units. The B units are essen-
tially present in 1,4-trans structure. The infrared spectrum indicates that
the trans content is more than 90%, the remainder being due to 1,2- and
1,4-cis configurations [16].

Samples A, B, and D in Fig. 4 were obtained with a free radical catalyst,
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whereas sample C is an alternating 1:1 copolymer. In sample C the olefinic
protons appear at 4.42 7, the methine proton of the A unit around 7.4 7,
the methylene proton of the B unit at 7.71 7, and the methylene proton of
the A unit at 8.3 7.

Since the sample in Fig. 4A has a 78/22 B/A composition, it is expected
from the reactivity ratios that B-B-B sequences would be present to a con-
siderable extent, in addition to other sequences such as B-A-B and B-B-A.
Thus, the main peak appears at 4.62 7 and is due to the presence of buta-
diene blocks, while the shoulder at 4.5 7 is possibly due to B-B-A sequences.
When the B/A compositon is changed to 66/34 (spectrum not shown), the
olefinic protons appear as three peaks at'4.42, 4.52, and 4.59 7 which are
due to the contributions by all the possible sequences complemented by the
possible cotactic configurations contributed by the alternating sequences.

In the spectra of the samples of Fig. 4B and D, with B/A compositions of
54/46 and 43/57, respectively, the olefinic protons appear predominantly
at 4.42 t with a shoulder at 4.5 7. It appears that the predominant se-
quence is the alternating sequence, accompanied by some B-B-A sequences.
The B-B-B sequence is almost absent.

The methine proton of A appears at 7.5 7 in A and gradually shifts to
lower fields with increase in the A content. It is of interest to note that
in Fig. 4B, C, and D the peak position is at ~7.37 7, which also shows that
most of the A units are present in B-A-B sequences. A peak appears at 7.2
7 in Fig. 4D, possibly due to the B-A-A sequences resulting from the pres-
ence of higher A content.

The methylene protons of the B units appear in the region 7.70-7.97 7.
In Fig, 4A, the major peak appears at 7.97 T due to the extensive B blocks.
The small peaks at 7.77 and 7.85 7 are due to the other sequences. When
the A content increases to 34 mole % (not shown), the intensity of the
peak at 7.97 7 decreases and it shifts to lower field strength to 7.90 7,
while correspondingly the other peaks increase in intensity and shift to
7.71 and 7.78 1, respectively. In Fig. 4B the predominant peak is at 7.71 7
accompanied by-a small peak at 7.87 7, due to the B-A-B and B-B-B diads,
respectively. In Fig. 4D, where the B content of the sample is lower,
the exclusive absorption is at 7.70 7, which indicates the absence of B
blocks as in the alternating copolymer (Fig. 4C).

The methylene protons of A units appear at 8.2-8.4 7. In Fig. 4A
the peak appears at 8.4 7. As the A content increases, the intensity of
this peak increases and the peak shifts to lower wavelengths.

In Fig. 4D, where the A content of the sample is higher, the methylene
proton appears as several peaks due to the presence of different sequences.
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It was also observed that when the spectrum of the alternating copoly-
mer of Fig. 4C was run at higher temperatures all the peaks corresponding
to the different protons appeared as several peaks although they were more
closely spaced as compared to copolymers such as styrene-methyl methac-
rylate and a-methylstyrene-methyl acrylate. These are due to the various
cotactic configurations, and the close spacings are possibly due to the flex-
ible nature of the polymer.

It was again noted that the NMR spectra of 1:1 copolymer samples
prepared with free radical catalysts are not readily distinguishable from that
of the alternating copolymer. This suggests the predominantly alternating
sequences present in the free radical copolymers. This is plausible since
each of the reactivity ratios is less than unity and the reactivity ratio of B
monomer is at least six times higher than that of A monomer.

For further confirmation of the predominantly alternating structure of
the essentially 1:1 free radical copolymers, the sequence distribution of
several BA copolymers was calculated using Bovey’s equation [24] and the
results were compared with the values obtained from the NMR spectra.
Since the B units in the copolymer were found to be present to more than
90% in trans-1,4 structure, the effect of cotactic configurations of the B
units on the NMR spectra was neglected. The peak at 7.71 7, assigned to
the methylene protons of butadiene in the A-B-A triad, was sharp and
distinguishable and was used for the calculation,

The results shown in Table 2 indicate that more than 90% of the A units
in the copolymer are surrounded individually by B units at low A monomer
compositions, whereas the same percentage of B units are surrounded by A
units at high A monomer compositions. As expected, the probability for
cross-propagation is highest at the monomer charge which leads to a 1:1
copolymer composition. Since the peak at 7.71 7 is assigned to the methyl-
ene protons of the B unit in the A-B-A triad, the area of this peak (Fyga)
should match the calculated Fpg 4.

As shown in Table 2, the results are in fairly good agreement. Some
small deviations were noted for the values obtained from the copolymer
having a high A monomer content. This might be due to the presence of
cotactic configurations and/or the penultimate effect, which would affect
either the Fpp 4 or the F)yp 4 value.

Since F:‘\B A for sample B in Table 2 closely matches the calculated
Fppa and Fgap values, a predominantly alternating structure is indicated.



11:11 25 January 2011

Downl oaded At:

DONOR-ACCEPTOR COMPLEXES. 1V 157
REFERENCES

[1] B. K. Cemicki, J. V. Miihl, Z. J. Janovié, and Z. K. Sliepéevié,
Anal. Chem., 40, 606 (1968).

[2] T. Takeuchi and M. Yamazaki, Kogyo Kagaku Zasshi, 68, 1478
(1965).

[3] W. M. Ritchey and L. E. Ball, J. Polymer Sci., B4, 557 (1966).

[4] M. A. Golub, S. A. Fuqua, and N. S. Bhacca, J. Am. Chem. Soc.,
84, 4981 (1962).

[5] H. Y. Chen, Anal. Chem., 34, 1793 (1962).

[6] H. Y. Chen, J. Polymer Sci,, B4, 891 (1966).

{71 3. L. Binder, J. Polymer Sci., B4, 19 (1966).

[8] H. Y. Chen, Anal. Chem., 34, 1134 (1962).

[9] H. Y. Chen, J. Polymer Sci., BS, 501 (1967).

[10] A.J. Durbetaki and C. M, Miles, Anal. Chem., 37, 1231 (1965).

[11] M. Taniguchi, N. Kawabata, and J. Furukawa, J. Polymer Sci., BS,
1025 (1967).

{12} V. D. Mochel, Rubber Chem. Technol., 40, 1200 (1967).

[13] J. Furukawa and Y. Iseda, J. Polymer Sci,, B7, 47 (1969).

[14] N. G. Gaylord and H. Antropiusova, Macromolecules, 2, 442 (1969).

[15] R.J. Coleman, Macromol. Syn., 2, 63 (1966).

[16] N. G. Gaylord and A. Takahashi, J. Polymer Sci,, B7, 443 (1969).

[17] F. M. Lewis, F. R. Mayo, and W. F. Hulse, J. Am. Chem. Soc., 67,
1701 (1945).

(18] R.Simha and L. A. Wall,J. Res. Natl Bur. Std. (U.S.)., 41, 521 (1948).

[19] R.G.Fordyce,J. Am. Chem. Soc., 69, 1903 (1947).

[20] H.Mark, B. Immergut, E. H. Immergut, L. J. Young, and K. 1. Beynon,
in Polymer Handbook (J. Brandrup and E. H. Immergut, eds.) Wiley
(Interscience), New York, 1966, pp. 11159, I1-190.

[21] M. Hirooka, H. Yabuuchi, J. Iseki, and Y. Nakai, J. Polymer Sci,, A-1,
6, 1381 (1968).

[22] N. G. Gaylord and A. Takahashi, J. Polymer Sci., B6, 749 (1968).

[23] F. A. Bovey and G. V. D. Tiers, Fortschr. Hochpolymer. Forsch., 3,
139 (1963).

[24] F. A. Bovey, J. Polymer Sci., 62, 197 (1962).

Accepted by editor June 26, 1969
Received for publication July 29, 1969



