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Abstract

Butadiene polymerization has been investigated
with the Nd—Al catalytic system with a low mono-
mer concentration. By theoretically analyzing the
data, an equation has been derived to connect the
ratio of formation rates of 1 4-cis- and 1 ,4-trans-units
to the current monomer concentration, that being
in good conformity with the experiment. On the
basis of the results obtained, the mechanism of
kinetic stereocontrol of polybutadiene microstruc-
ture has been determined in the system under con-
sideration.

Introduction

With dienes polymerized on cis-regulating catalytic
systems, the changes in relative content of 1.4-cis-
and 14-trans-units depending on the polymerization
conditions applied are often explained within the
mechanism of kinetic stereocontrol of the micro-
structure, which consists of the chain propagation
reaction first forming an anti-structure of the end
chain which is further isomerized into a thermo-
dynamically more stable syn-structure [1]. The
relative contents of 1,4-cis- and 1,4-trans-units
depend here on the ratio of isomerization and propa-
gation rates. The above concept was first used to
explain an appreciable increase in the content of 1,4-
trans-units in polydienes (with low initial monomer
concentrations <0.4 mol/l) in polymerizations
effected by catalytic systems based on d-elements
[2]. The authors of refs. 3 and 4 reported that one
should take into account the possible anti-syn-
isomerization of the end units in the growing chain
to interpret the formation mechanism of polydiene
microstructure on lanthanide catalytic systems. How-
ever, there are no specific accounts in the literature to
cover this problem.

The paper presented has been aimed at verifica-
tion of the kinetic stereocontrol of microstructures
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formed in butadiene polymerization effected by
the Nd—Al catalytic system.

Experimental

The catalytic complex was prepared as in ref. 3
with Nd:Al = 1:40. Polymerization was conducted in
toluene at 80 °C. Polymer microstructures were
identified by the IR spectral method.

Results and Discussion

The dependence of the polymerization rate on
the monomer concentration has been analyzed to
show that the reaction is first order with respect
to the monomer (Fig. 1). Accordingly, the chain
propagation reaction with an account for anti-syn-
isomerization of active centres (AC) can follow the
structural—kinetic scheme given below.
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~anti-AC + M —> ~1 4-cis-unitanti-AC + ...
ks | 11:
3417 ky

~syn-AC + M — ~1 4-trans-unitanti-AC + ...

where k; and k, are rate constants of monomer ad-
dition to anti-AC and syn-AC, respectively; ki(ks)
are rate constants of anti-syn- (synanti-)-isomeriza-
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Fig. 1. The dependence of butadiene polymerization rate
on the initial monomer concentration at 80 °C.
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tion; ~anti-AC and ~syn-AC stand for anti- and
syn-isomeric forms of AC; M = butadiene. The
above scheme does not specify the formation of 1,2-
units for their contents is <1%. According to the
scheme, it follows

d[M] . ]
- =k, [anti-AC] [M] + k, [syn-AC] [M] M
d[anti-AC] .
TR = —k;[anti-AC] + k4[syn-AC] @
+ k, [syn-AC] [M]

where [anti-AC] ([syn-AC]) and [M] are the con-
centrations of anti- (syn-)-forms of AC and of the
monomer, respectively.

The formation rates of 1.4-cis-(V)- and 1,4-
trans-(V gpgng J-units can be derived as

Vi = ki [anti-AC] [M] (3)
Vtrans = k2 [syn-AC] [M] 4)
and

[anti-AC] + [syn-AC] = C; ®))

where Cj is the total concentration of AC.

Equation (2) considered in quasi-stationary ap-
proximation proves the concentrations of AC isomer-
ic forms connected by the following relation

[syn-ACl ks
[anti-AC] k4 + ko [M]

Using eqns. (3), (4) and (6), the following relation-
ship should be valid for the anti-syn-isomerization
of AC

| kik k
== 0 ™
Vtmns kzka k3

which connects the ratio of formation rates of 1 4-cis-
and 1 4-trans-units in the polymer to the current
monomer concentration at a given instant M(¢).

The peculiar feature of eqn. (7) lies in that it
does not involve an AC concentration which is rather
difficult to estimate. It becomes thus possible to
compare experimental data obtained with various
AC concentrations. Equation (7) enables also the
estimation of the ratio of rate constants for ele-
mentary stages of the chain propagation reaction
in each case to facilitate thus the further definition
of their absolute values.

To check eqn. (7), the dependence of polybuta-
diene microstructure of the initial monomer con-
centration ([M] = 0.1-0.6 mol/l) and conversion
has been investigated. By the data thus obtained,
Ves and Vigns values have been calculated (with
difference expressions). For instance, V. value at
an instant ¢t = t; + At/2 (where ¢, = origin of reading
for At interval) has been estimated as

(6)

Ve = A[1,4is] /At

where A[l,4is] is the change in the concentration
of 1 d-cis-units for the time interval Az. The content
of 12-units is always <1% and this value has been
added to that of the concentration of 1,4-trans-units.
The resulting dependence of V i/V imns on the cur-
rent monomer concentration M(t) is outlined in
Fig. 2 to be well-described by a straight-line depen-
dence as in eqn. (7). The correlation coefficient
o = 098. By simple analysis it can be found that
ki/k; =10.1 £ 0.5 I/mol and k k4/k;k3 =09 £0.1.
From k, # 0, it follows that the reaction of AC
anti-syn-isomerization is an equilibrium one.

To estimate the constant values for elementary
stages, one should analyze eqn. (1) for the rate of
chain propagation reaction V,, which can be con-
veniently written down as below accounting for
eqns. (5) and (6).

C° a+1+8[M] < K 8)
Vp Keff a[M],Keff a+k1/k2 +ﬁ[M] 1 (
where o = klk4/k2k3 and g = kl/k3 y keff is the effec-
tive constant of the propagation reaction rate.

What should the k,/k, values be for the realiza-
tion of the observed first-order propagation reaction
with respect to the monomer? It should be noted
that with [M] = 0.1-0.6 mol/l, « =0.9 and 8 = 10
1/mol, neither addendum in the numerator of eqn.
(8) can be neglected. If ki/k, € o + B[M], kege =
k(1 + o + B[M])/(e + B[M]) and the k¢ value
should be approximately 1.5-fold decreased with the
monomer concentration changed from 0.1 to 0.6
mol/l. However, it does not conform to the exper-
iment. If k,/k, > a + B[M]

Vo= (1 + @k, C2IM] +BkoCE[M]? ©)

Accounting for g/(1 + &) = 5, it is clear that the
contribution of the quadratic member in eqn. (9)
must not be neglected as compared to the linear one.
The latter assertion is also at variance with the exper-
iment. Therefore, there remains to assume k; = k.
Here V, = k,C,[M] and the first-order reaction is
realized, that being experimentally confirmed. As
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Fig. 2. The dependence of V ;s/Vipgns value on the current
monomer concentration M(t) at 80 °C.
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far as the equality of k; to k,, one should note the
following. If anti- and syn-structrues of AC differ
by nothing but the isomeric end unit of the growing
chain, it is difficult to anticipate that they would
appreciably differ by their reactivity, particularly
when there always occurs the formation of end
1,4-units. From this point of view, the k, = k,
condition becomes physically clear.

One should also consider that the equality of k,
to k, enables the estimation of isomerization con-
stants K = k4/k3 = 0.9. The value of constant K close
to unity means that thermodynamically isomeric
structures of AC are practically equivalent with a
slight preference for syn-structures.

Conclusions

Therefore, the studies reported here give evidence
to the occurrence of kinetic stereocontrol of the
polymer microstructure, i.e. of the content of 14-
cis- and 1,4-trans-units, in butadiene polymerization
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effected by an Nd—Al catalytic system. Here, the
ratio of formation rates (propagation) of 1.4-is-
and 14-trans-units depends linearly on the current
monomer concentration. By the analysis of the data
obtained, the reaction of AC anti-syn-isomerization
has been assumed to be in equilibrium and the AC
isomeric structures have been found equal by both
their thermodynamic stability and reactivity.
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