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Abstract:

The structure of poly(methyl methacrylate) prepalsd anionic polymerization was followed.
Compounds of lithium, sodium, and potassium wereduas initiators. The influence of the
structure of the initiator and its amount and of tmonomer concentration, conversion, and
temperature on the structure of the polymer in godymerization without the presence of
complexing solvents was studied. By analysis of NBfiectra tacticity and stereoblock structure,
characterized by the parameter= pd/(pistps9 was determined. The results made possible the
conclusions concerning the factors controllingghawth reaction.
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Synopsis

The structure of poly(methyl methacrylate) prepared by anionic polymerization was
followed. Compounds of lithivn, sodinm, and potassium were used as initintors. The
influenee of the structure of the initiator and its amount and of the monomer concentra-
tion, conversion, and temperature on the structure of the polymer in the polymerization
without the presence of complexing solvents was studied. By analysis of NMT spectra
tacticity and stercoblock structure, characterized by the parameter g = pin/(pia + Pas),
was determined. The results made possible the conclusions concerning the factors
controlling the growth reaction.

Introduction

The relations between methyl methacrylate polymerization eonditions
and the stercoregularity of the polymer are relatively well known. A
systematic study of the influence and mutual relations of various factors,
leading to conclusions of a more general type, has so far been restricted
to compounds of lithium.! Even in this case the sequence distribution of
isotactic and syndiotactic diads has not been determined.

In the present communication the stercoregularity of poly(methyl
methacrylate), prepared with alkali metal compounds under well-defined
polymerization conditions,” is investigated in detail.  The influence of type
and amount of initiator, and degree of conversion, temperature, and concen-
tration of monomer were followed. To avoid complications, only a non-
polar solvent was used. Where tetrahvdrofuran had to be used, its amount
was restricted to the minimum necessary for the dissolution of the initiator.
For comparison the.mfluence of tetrahydrofuran on sodium-initinted and
potassium-initiated polymerization was shown. The distribution of stereo-
regular sequences in the polymer was followed by means of NMR.

Bovey and Tiers® have shown that NMR spectra of poly(methyl metli
acrylate) exhibit three bands at r equal to 8.78, 8.93, and 9.09, correspond-
ing to methyl groups in isotactic “ii,” heterotactic “is,” and syndiotaetic
“ss” triads; the contents of isotactic “i” and syndiotactic “s” diads
(tacticity) can easily be obtained from their relative intensities. It also
follows from this work that the sequence distribution of isotaetic and
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syndiotactic diads in the polymer eannot he expressed as a simple function
of tacticity. We therefore sought a different way of deseribing the se-
quence distribution of diads.

Theoretical

Let us assume that the probabilities of syndiotactic or isotactic placement
of a monomer unit are functions of the configuration of the ultimate diad
only, and let us designate them by the symbols pi;, pis, Pes, Psi.  Respecting
the relations pi. + pis = 1, P + psi = 1 only two of these values, des-
ignated further by @ and 8, are independent:

a = Pss B = Dis, pii =1—8, pi =1 — a

The complete sequence distribution of the polymer can in this case be
deseribed by the values of @ and 8. Let us designate the probability of
occurrence of a sequence with a given configuration by P(i), P(s), P(i),

The relations for the probabilities of the diads “i” and “‘s” may then
be obtained from the equations

P(s)a + P() = P(s), P@H)(1 = B) + P(s)(1 — a) = P(i) (1a)
from which B
Pi)=(1—-a)/Q+B—a), P =8/(1+8—a (b)
TFor triads we have:

S = P(ss) = PSla = aBf/(1 + B — a)
H = P(si) + P(is) = P(s)(1 — a) + P(1)8 =281 — a)/(1 + B — a)
I=P@i)=PHA -8 =1-a)1—-8)/01+8—a) 2

Tetrad characteristics may be caleulated in a similar way. The resulting
expressions are summarized in Table I. Now

a=ps=2/2+ H/S), B=ps=H/ID/2+ H/I) 3)

Since the values of S, H, and I are proportional to the intensities of the
three CH; bands, the determination of the parameters a and B is straight~
forward. To verify whether the growth of poly(methyl methacrylate) can
be fully deseribed by means of the parameters @ and 8 an analysis of the
CH, band in the NMR spectra of poly(methyl methacrylate) was per-
formed; as mentioned by Bovey,* in analogy to other vinyl polymers the
structure of the CH, band is expected to be sensitive to tetrad character-
istic. Numerical analysis has actually shown that an interpretation of the
CH, band (Table I) can be found that is consistent with expressions for
tetrad distribution (Table I) in a very broad range of tacticity and block-
character values (Fig. 1, Table II). The sequence distribution of a poly-
mer conforming to this assumption may be characterized by a point in a
square with coordinates a and 8 (Figs. 2 and 3). For a statistical polymer
Pis = Pss; statistical polymers therefore lic on the diagonal @ = 8. The
heterotacticity index n = pi./(pis + ps) has been introduced by some
























