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SUMMARY

Using the copolymerization equation proposed by Kelen
and Tudbs, 25 radical copolymerization systems im-~
plying acetylenic and vinylic monomers were reexami-
ned. Of these, only 12 can be characterized by the
usual terminal copolymerization model, 5 systems pre-
gent high scattering of experimental data given by
the original authors; 2 systems belong to another co-
polymerization mechanism, and 6 give meeningless
reactivity ratio values. The copolymerization equa-
tion proposed by Zaitsev et al., for radical copolyme-
rization of acetylenic monomers could not be accepted.

INTRODUCTION

Recently, Kelen and TUudbs proposed a linear method
for precise determination of reactivity ratio values
{r, and r,) in binary copolymerization. The method
al&o veri?ies the validity of the terminal copolyme-
rization mechanism [1]. The equation of Kelen and Ti-
ats (KT) was used for & critical reexamination of
carbocationic copolymerization data [2,3].

The aim of this note is to reexamine most of reacti-
vity ratio data for radical copolymerization of ace-
tylenic monomers using the KT equation. As in the pa-
per of Kennedy, Kelen and Tudds [2], the analysed
systems are grouped into three classes : (I) the con-
ventional copolymerization equation adequately des-~
cribes the mechanism; (II) the simple terminal mecha-
nism does not properly characterize the system and
the ry and r, values given by the authors are false;
(III) the refalculated reactivity ratio values are
negative and have, therefore, no physical signifi-
cance, The data obtained in our paper are compared
with those obtained by Zaitsev et al. [4,5], accor-
ding to their equation for radical copolymerization
of acetylenic monomers.
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CALCULATION METHOD

The reactivity ratio values were recalculated using
the original data given by different authors, through
the equation :

1= (r; + ry/a) £~ r,/a where :

2
_x(y -~ 1), _ X . _ y2
n= ay 4 x » &= ay 4 xz’ a= (xminxmax)/(yminymax)
(M) /[Mz] (the initial feed molar ratio ) and

y dfmg /d[Mg] (the structural units molar ratio in
copolymér). F6r the monomers having two identical
reactive groups (Nos. 20 and 21, Table 1) x = 2[M]AH§
[6]. For the other bifunctional monomers, the autMor
showed that only one of the functional groups parti-
cipated in copolymerization, The KT straight line was
obtained by a least square error algorithm (Gauss) on
a JEC-6 computer.

RESULTS AND DISCUSSION

The recalculated reactivity ratio values are given in
Table 1. Of the 25 recalculated systems, only 12 can
be considered to belong to class I; 5 systems present
high scattering of the experimental points (class I!);
2 systems can not be characterized by the simple ter-
minal mechanism (class II), and 6 systems give mea-
ningless reactivity ratio values (class III). Examples
of the three classes are given in Figure 1. Figure 1b
also represents, together with the 7 versus § plot

for the r, and r, given by authors and recalculated by
KT equati%n, the“straight line corresponding to the Ty
and r, values recalculated by Zaitsev et al. with the
equatgon they proposed [4]. As shown in the figure,
this system can be characterized by the simple termi-
nel mechanism. Therefore, the equation proposed by
Zaitsev et al., which is based on the greater reacti-
vity of the -CH=RC' macroreadicals than the
~-CH=RC-CH=RC* ones (penultimate effect given by con-
jugation stabilization), cannot be accepted, especial-
ly because the Zaitsev straight line gignificantly
differs from the KT one, Similar discrepancies are ob-
served for all systems recalculated by Zaitsev et al.
(Nos. 8~12 and 20-21, Table 1). It is known [4,11,15]
that sequences having more than two arylacetylenic
structural units are very rare in the copolymers with
vinylic monomers. This fact was thought to be due to
the chain interruption through a conjugation stabili-
zed macroradical (inactive) having three arylacetylenic
structural units. Recent results show, however, that
intramolecular interruption in arylacetylene polyme~
rization (radical and coordinative, also) appears

from the intramolecular cyclization reaction of the

X
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cis-polyarylacetylenic chain giving an inactive cy-
clohexadiene-~type radical [18,19). This reaction is
possible in sequences having at leaat three arylace-
tylenic structural units., In these conditions, the
increase of the macroradical reactivity :
-(CH=RC),-CH=RC*® =< -CH=RC-CH=RC® << -CH=RC"*

does not“change the terminal copolymerization mecha-
nism, because the dats given in literature verify the
KT equation. Furthermore, Zaitsev et al. do not have
experimental proofs (composition or sequence distri-
bution)for the higher precision of their reactivity
ratio values.
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Pigure 1. 7vs. & for typical systems of Table 1.

a. 23(da = 1.29) b, 10(a = 0,19) c¢. 14(a = 0.96)and

19(a = 45.42) d. 1(a = 9.04) and 20( a = C,11).
————— r, and r, values given by the authors

K& equation

——— Ty and T, recalculated by Zaitsev et al.
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Two systems (phenylacetylene - maleic anhydryde and
dicyanoacetylene - atyrene) belong to class II.
Bearing in mind the different donor-acceptor charac-
ter of these monomers, and the shape of the KT plot
(Fig. lc), one may treat their copolymerization as a
charge-transfer copolymerization mechanism [20].
Finally, Figure 1d presents two significant examples
of class III systems.

CONCLUSIONS

Reactivity ratio values for 25 systems of radical co-
polymerization of acetylenic and vinylic monomers
have been reexamined. Of these, 12 belong to class I,
5 to class I!, 2 to class II and 6 to class III, In
most cases, the authors give relatively few experi-
mental data. The copolymerization equation proposed
by Zaitsev et al, has proven to be inadequate,
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