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Table 11
3-3C-Enriched Propene Polymerizations with Different
Catalytic System

polymer
runs®bc.8 catalytic systems yield, g
14 VCl,-Al(CH,),Cl-anisole 0.4
2d VCl,-AlC,H,),Cl-anisole 0.5
3¢ VCl,-Al(CH,),-Zn(CH,), 0.2
4f §-TiCl,-Al(CH,;),-Zn(CH,), 0.1

2 15 mL of toluene was used as solvent. ? Polymeriza-
tion time 24 h, € In all the runs 0.7 g of 30% enriched
propene was employed. 2 [VCI, and anisole] 5 x 107*
mol; [AIR,CI] 5 X 10*mol. ¢ [VCL,] 5 X 10° mol;
[AKCH,),]11 x 10"* mol; [Zn(CH,),] 5 X 1073 mol.

7 [6-TiCl,] 3.2 X 107" mol; [AI(CH,),] 11 X 107° mol;
[Zn(CH,),]15 X 10°* mol. € Runs 1, 2, and 3 were
performed at ~78 °C and run 4 at room temperature.

solutions (10% w/v) by adding 1% of hexamethyldisiloxane
(HMD) as internal reference. An HX-90 Bruker spectrometer
operating at 22.6; MHz in the PFT mode was used as described
previously.!
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Comment on a Paper by Fong and Peterlin
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Fong and Peterlin! have published a paper which
contains some new results that they indicate are in con-
tradiction to earlier work by this author.? The purpose
of this note is to show that there is actually no contra-
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diction, but that both procedures are correct, alternative
methods of handling the same problem.

The discussion is concerned with the algebraic methods
used to solve the eigenvalue and eigenvector problem of
the Rouse-Bueche beads-springs dynamic-chain model
with hydrodynamic interaction. The eigenvalue equation
is usually written as

QHAQ = A (1)

where H and A are two symmetric matrices, defined in the
original papers, A is the diagonal matrix of the eigenvalues,
and the columns of Q are the eigenvectors. Although H
and A are symmetric, their product HA is not, so that the
transformation Q is not orthogonal, that is, there are two
sets of eigenvectors, the left-hand set, which are the rows
of @7}, and the right-hand set, which are the columns of
Q. The question then arises as to how to normalize the
length of these vectors, and it is here that Fong and Pe-
terlin have made a choice different from the one that the
author made earlier.

The author chose to normalize the right-hand eigen-
vectors so that their length was unity, leaving the length
of the left-hand eigenvectors to be determined from the
equation

QQ=1 2

where I is the unit matrix. If we retain the notation Q for
the matrix so normalized, and denote Fong and Peterlin’s
transformation matrix by Q’, the two are related through
a diagonal matrix B as follows

Q =QB 3

The diagonal element b; of B multiplies the ith column of
Q, that is, the ith right-hand eigenvector. Since the sum
of the squares of the elements of the ith column of Q is
unity, the corresponding sum of the squares of the ith
column of Q' is b;% that is, the length of Fong and Pe-
terlin’s eigenvectors is b;.

In any case, we can define a matrix M or M’ as

M = QTAQ (4a)
M’ = QTAQ (4b)

It has been shown in eq 2 that M is diagonal, with elements
u;. From eq 3 it follows that the diagonal elements, y;’, of
M’ are

u = by (5)

Fong and Peterlin show that their method leads to
= \; where A, is the ith eigenvalue of HA. Thus they have
effectively chosen their normalization constants so that the
lengths of their right-hand eigenvectors are

by = (N\/u)V? (6)

Not recognizing that two different choices of the lengths
had been made, Fong and Peterlin believed that their
matrix M’ should be the same as the author’s matrix M.
It clearly is not; hence the apparent contradiction. When
we perceive, however, that the normalizations are different,
the contradiction disappears.

Fong and Peterlin’s procedure leads to formally simpler
basic equations, since the matrices M’ and A become
identical. To accomplish this, they introduce a symmetric
matrix C, such that

Ci=H (7

Then they transform HA to CAC, which is symmetric as
opposed to HA, and with the advantage that it can be
efficiently diagonalized by widely available computer
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routines. Whether there is any fundamental gain in ef-
ficiency by this procedure is doubtful, however, since much
additional computation has to be performed in evaluating
C and in forming the product CAC. Lin and Schurr® have
actually carried out such a scheme in the treatment of
dynamic light scattering from the beads-springs model.
However, they chose to symmetrize the problem by
transforming H to AY/2HA'/2, where A'/? is a symmetric
matrix such that

AlZALZ = A @®)

They calculate A'/% by a trigonometric-series procedure.
On the other hand, Lodge and Wu? use a scheme in
which they factor A as

LTL = A 9

where L is a triangular (nonsymmetric) matrix which
consists entirely of ones and zeros and has only two di-
agonals different from zero. They then transform HA to
LHLT, which is again symmetric, and diagonalize this.
Since the elements of L are so simple, this would appear
to be the fastest of the symmetrizing schemes for numerical
computation; in fact, Fong and Peterlin chose to use it in
their actual calculation of eigenvalues. For many purposes,
for example, calculation of the dynamic viscosity, the
eigenvalues are sufficient. However, in some cases the
eigenvectors of HA are also needed (for example, in ref 5
and 6); however then their normalization constants will
cancel out of the final results if used with a consistent
definition of the matrix M. (Dr. Peterlin has, in fact,
recognized this in his more recent paper.?)
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MASASHI IINO, HO HUU THOI, SUMIO SHIOYA, and
MINORU MATSUDA*

Chemical Research Institute of Non-Aqueous Solutions,
Tohoku University, Sendai, Japan.
Received September 13, 1978

One of the most characteristic features of the co-
polymerization of SO, with olefins is the low ceiling
temperature®® (the temperature above which the co-
polymerization does not occur). It has been proposed that
two depropagations occur concurrently with propagation
in the copolymerization of SO, and olefins:

wCH,CH(R)SO,» — wCH,CH(R)- +S0, (1)
wS0,CH,CH(R): — w80, + CH,=CHR) (2)

In an earlier study,* we have investigated the depropa-
gation of growing sulfonyl radicals, expressed by eq 1. The
evidence for the occurrence of the latter depropagation,
which consists of the elimination of an olefin molecule from
a polymer radical containing the end group
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Figure 1. 'H-NMR spectra of the reaction mixture: (a) before
reaction, (b) after 120 min at reaction temperature 65 °C.

«+S0,CH,CH(R)-, was reported by Bristow and Dainton.>¢
They have shown by infrared spectroscopic measurement
that, at a temperature near the ceiling temperature, the
copolymerization of SO, with either cis- or trans-2-butene
is accompanied by geometrical isomerization, which occurs
via reaction 2. Nowadays it is well accepted that the
depropagation® expressed by eq 2 occurs during co-
polymerization of SO, with olefins such as propylene,
ethylene, butene, hexene, etc., in which, because the olefins
do not homopropagate under conditions suitable for po-
lysulfone formation, poly(olefin sulfone)’s having a regular
alternating 1:1 composition are formed.” .

However, in the copolymerization of SO, with vinyl
monomers such as styrene? and vinyl chloride,® in which
polysulfones of variable composition are formed, evidence
for the occurrence of depropagation of the growing radical
endings has not been achieved so far. It is still a con-
troversial problem. Walling!® and Cais et al.!1? have
assumed that this depropagation is involved in their
proposed mechanisms for the SO,—styrene copolymeri-
zation. The thermal decomposition of poly(styrene sul-
fone) at high temperature!®** (above 200 °C) to yield SO,,
styrene, and its dimer suggests the occurrence of this
depropagation. In contrast, we have not taken into account
this depropagation in our copolymerization model pro-
posed for SO, and styrene'® or vinyl chloride! co-
polymerization. Unlike olefins, the vinyl monomers can
homopropagate; i.e., the »SO,CH,CH(R)- radical can react
further with vinyl monomers to produce the radical of
structural formula »SO,(CH,CHR),CH,CH(R)-, which is
not expected to undergo depropagation over the range of
copolymerization temperature investigated.

In the present paper, we report evidence for the oc-
currence of depropagation of the growing styryl radical by
following the cis—trans isomerization of cis-8-deuterio-
styrene by NMR during copolymerization with SO,.

Experimental Section

cis-B-Deuteriostyrene was prepared from phenyldeuterio-
acetylene!” by the method described in the literature.’® The crude
cis-B-deuteriostyrene was purified by preparative GLC (5 mm X
3 m column, GE-SE-30).

Polymerization was carried out in a NMR sample tube and
stopped at times as desired by placing the tube in a precooled
methanol bath. 'H-NMR measurements were performed at room
temperature and at 60 MHz. Polymerization rate was determined
gravimetrically by carrying out the copolymerization of un-
deuterated styrene with SO, under the same experimental
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