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Abstract

Full Text
CHEMISTRY

Yu. L. SPIRIN, D. K. POLYAKOV, A. R. GANTMAKHER
and Academician S. S. MEDVEDEV

POLYMERIZATION OF STYRENE, BUTA-
DIENE, AND ISOPRENE INITIATED BY
LITHIUM ETHYL IN VARIOUS MEDIA

The present work investigated the separate and joint polymerization of styrene,
butadiene, and isoprene initiated by lithium ethyl in toluene, triethylamine,
diethyl ether, dioxane, and tetrahydrofuran (THF), with the aim of elucidating
the dependence of the reactivity of these monomers on their structure and on
the polymerization conditions. The experimental procedure was described in
previous works (12).

In the polymerization of styrene, butadiene, and isoprene, the molecular weight
of the polymers increased with the depth of polymerization in all the solvents
studied; at the same time the dependence of the molecular weight on the con-
centration of the components was close to the molar ratio

= M/C (34

When the investigations were carried out in the region of low initiator concen-
trations, ~ 107° mol/l, the walls of the dilatometer were subjected to special
treatment. Under these conditions, the concentration of active centers was de-
termined from molecular-weight data. In the presence of electron-donor solvents,
polymerization was carried out in all-quartz cuvette-dilatometers, and the con-
centration of active centers was determined spectrophotometrically at a selected
wavelength.

1. Polymerization in toluene. In carrying out the polymerization of
styrene, isoprene, and butadiene in toluene, even at comparatively low
initiator concentrations, a deviation from the proportional dependence
between the rate and the initiator concentration was observed. The regu-
larities obtained were previously explained (1) by the formation, in hydro-
carbon media, of mutually associated “living” polymers inactive in poly-
merization. Other authors, in studying the kinetics of polymerization of
styrene (+°) and isoprene (%), also arrived at an analogous conclusion. The
presence of association of active centers was also confirmed viscosimetri-
cally. It was found that the viscosity of solutions of “living” Li-polyisoprene
in toluene decreases considerably upon deactivation of the active centers.
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With increasing temperature, the equilibrium between the associates and
monomeric centers active in polymerization shifts toward the latter, which
causes a decrease in the activation energy of the process. Even at initiator
concentrations ~ 0.5 - 107* mol/l, the activation energy of the styrene poly-
merization process decreases with increasing temperature (Table 1; Nos. 1,
2), which indicates the presence of association under these conditions. The
previously obtained values of the activation energy of styrene polymerization
at initiator concentrations ~ 0.01 mol/l () correspond to systems with a
considerable fraction of associated active centers.

As can be seen from the data of Table 1, the change in the polymerization rate
with decreasing initiator concentration is most pronounced in the polymerization
of styrene (experiments Nos. 1, 3) and least pronounced in the polymerization
of butadiene (Nos. 13 and 14). This indicates that the association of active
centers increases in the sequence: lithiumpolystyrene < lithiumpolyisoprene <
lithiumpolybutadiene.

Table 1
Temperature
in-
ter-
val
dur-
ing
poly- Vi K,
mer- mol/(l 1/(mol-
iza- sec) lg A, sec)
Additive,[LiR], tion, at E?, mol/l- at
No. MediurAdditiveol. % mol/1 °C +30° kcal/mol sec = —40°
Polymerization
of
styrene
1 Toluene- — 0.5- +33, 040 14.0 —
107* +475 1071
2 Toluene- — 0.5- 460, 0.57- 11.6 —
10°* +72  10*
33 Toluene- — 3 47, 0.7 - 14.6 —
1073 +22 1073
43 Toluene- - 4. — 0.4- —
1072 1072
5 Toluendither 38 0.7- —15, — 13.3 2.5-
1072 +5 1074
6 Toluendither 30 1.15- =2, — 13.4 9.0 2.5 -
1072 +15 1074
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Temperature

in-
ter-
val
dur-
ing
poly- Vi, K,
mer- mol/(l- 1/(mol-
iza- sec) Ig A, sec)
Additive,[LiR], tion, at E?, mol/l- at
No. MediurAdditiveol. % mol/1 °C +30° kecal/mol sec = —40°
Toluend&ther 30 0.3 =2, — 13.1 8.7 2.5-
1072 +15 1074
7 Toluendioxane 27 0.8 —17, — 13.0 8.8 3.7
1072 —4 104
8 ToluenAmine 30 107%*= —40, — 11.2 8.65 1.26-
3- 0 1072
1072
9 Toluendl'HF 0.6 5. —25, — 6.8 4.46 1.15-
1073 —10 1072
10 Toluenéd'HF 2.3 4. =55, - 5.8 3.95 3.1-
1073 —30 1072
11  ToluendHF 8 5. —60, — 4.5 3.6 24 -
1073 —40 1072
12 Toluenéd'HF 15 54- =70, — 4.1 3.5 44 -
1073 —55 1072
Polymerization
of
bu-
ta-
di-
ene
132 Toluene- — 0.005- 420, 1.2 20.5 - —
0.02 +45 107*
14  Toluene- — 107® —35, 0.4 - 16.9 — —
+55 1074
15 HexaneAmine 35 0.004 -3, 4.8 13.9 - —
+20 1074
16 HexaneAmine 35  0.011 -3, 5.7 14.4 — —
+20 1074
17 HexaneAmine 80 ~ 415, — 12.1 — —
0.0001 435
18 HexanéTHF 28 0.003 —-38, 0.19- 10.7 - —
—20 107
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Temperature
in-

ter-
val
dur-
ing
poly- v K,
mer- mol/(l- 1/(mol-
iza- sec) lg A, sec)
Additive,[LiR], tion, at E?, mol/l- at
No. MediurAdditiveol. % mol/1 °C +30° kecal/mol sec = —40°
19 HexaneTHF 80 0.0045 —60, 0.25- 7.3 — —
—25  1073x
HexaneTHF 80 0.001 —40, 0.7 - 6.3 — —
—25  107%x
Polymerization
of
iso-
prene
20  Toluene- — 2.3- 427, 0.54- 14.7 — —
107° 440 1074
21 Toluene- - 6.0 427, 1.0- 15.3
1075 +47 1074
22 Toluene- — 1.2 +27, 1.2. 16.8
107* 440 1074
23 Toluene- - 5.0- 427, 1.6 - 17.9
1074 +40 1074
24%  Toluene- - 1.3 +27, 19 18.8
1073 +44  107*
253 Toluene- — > — 2.1 19.5
0.005 1074
26  Amine — — 0.0038 —+11, 5.5 10.9
+30 1074
27  Amine — — 0.0043 —+10, 6.2 10.6
+40 1074
28 Amine — — 0.015 +11, 16 - 10.9
+30 1074
29  Amine — — 0016 -+10, 16.5- —
+40 107
30* THF — — — =60, — 5.5
—45
314 THF — — — —45, — 7.0
—20
32¢ THF — — - =21, — 8.7
—10
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Temperature
in-
ter-
val
dur-
ing
poly- v K,
mer- mol/(l- 1/(mol-
iza- sec) lg A, sec)
Additive,[LiR], tion, at E?, mol/l- at
No. MediurAdditiveol. % mol/1 °C +30° kecal/mol sec = —40°

33% THF — _ — 10, - 9.8
+14

344 THF — - — 414, — 130
+27

! Rates, referred to unit monomer concentration (V'), and polymerization rate
constants (K) were calculated from the rate values obtained in the temperature
interval indicated in the table.

2 The energy-activation values given are mean values based on activation-energy
data determined during the process by changing the polymerization temperature
at different degrees of conversion. The polymerization rates in all cases were
proportional to the monomer concentration, except for the polymerization of
isoprene in THF, where small deviations from proportional dependence were
observed.

3 Experiments with polymerization initiated by “living” Li-polystyrene gave
higher activation-energy values (an increase in E did not exceed 1 kcal) and
rates.

4 The values of E in experiments Nos. 30-34 were obtained by successive change
of temperature during one and the same process.

* At —40°.

On the basis of data on the compositions of copolymers and copolymerization
constants for the butadiene—styrene system in toluene (see Table 2), and of pre-
viously obtained data for the isoprene—styrene system (1), the relative reactivity
of the monomers increases in the sequence styrene < isoprene < butadiene.

2. Polymerization in the presence of electron-donor solvents. When
introduced into a hydrocarbon medium---

With the introduction of ether, dioxane, triethylamine, or THF additions, the
polymerization rate of styrene, isoprene, and butadiene increases and, corre-
spondingly, the activation energies of the processes decrease (Table 1).

The sharpest effect is observed in the presence of THF, which has the strongest
electron-donor properties. In the presence of a very small addition of THF, 0.6%,

sovietrxiv.org/items/ru-196101.27342 Machine Translation


https://sovietrxiv.org/items/ru-196101.27342

Fig. 1. Dependence of the polymerization rate on initiator concentration. In
amine: 1—styrene at —34°; 2—isoprene at +30°; 3—butadiene at +30°; and in
THF: 4—butadiene at —39°

Figure 1: Fig. 1. Dependence of the polymerization rate on initiator concentra-
tion. In amine: 1—styrene at —34°; 2—isoprene at +30°; 3—butadiene at +30°;
and in THF: 4—butadiene at —39°

the activation energy of styrene polymerization in toluene decreases from 14.5
to 6.8 kcal/mole. The activation energy of butadiene, upon going from toluene
to a mixture of toluene with 30% THF, also decreases sharply (Table 1, Nos. 13,
18). In the polymerization of isoprene in THF, the activation energy determined
from the course of the process increases with increasing temperature (Table 1,
Nos. 30—34), which is apparently explained by the presence of pronounced chain
transfer through the monomer (76).

Fig. 1. Dependence of the polymerization rate on the initiator concentration.
In amine: 1—styrene at —34°; 2—isoprene at +30°; 3—butadiene at +30°; and
in THF: 4—butadiene at —39°.

In the presence of electron-donor solvents, as a result of the formation of their
complexes with lithium, the association of “living” polymers decreases sharply.
As follows from Table 1 and Fig. 1, association of lithiopolystyrene in the
medium of electron-donor solvents is absent (a proportional dependence is ob-
served between the polymerization rate and the initiator concentration), lithio-
polyisoprene is associated to a slight extent in amine, and the association of
lithio-polybutadiene in amine is present to a considerable extent. Even in THF,
a solvent with high solvating ability, some association of lithio-polybutadiene is
observed. These data confirm the dependence, obtained in hydrocarbon media,
of the degree of association of active centers on their structure.

In previous studies, the features of the mechanism of polymerization of nonpolar
monomers initiated by lithium ethyl in hydrocarbon media were explained by
participation of the lithium component, along with the carbanionic component,
in the acts of chain growth (71).

The introduction of electron-donor additions that form complexes with the
lithium component of the catalyst leads to a decrease in the influence of this
component on the acts of chain growth. In accordance with this, the mecha-
nism of the process changes, approaching, in the presence of additions with high
solvating ability (THF), the processes of typical anionic polymerization. With
increasing THF concentration, an increase in the polymerization rate of styrene
and butadiene and a corresponding decrease in the activation energy of the pro-
cess are observed. It may be supposed that the decrease in activation energy
with increasing THF concentration occurs both as a result of destruction of the
associates formed by the active centers and as a result of changes in the structure
of the complexes of THF with the active centers and an increase in the dielec-
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tric constant of the medium. However, the influence of the dielectric constant
of the medium is hardly of decisive importance, since very small additions of
THF cause a sharp decrease in the activation energy in styrene polymerization.

It is interesting to note that the polymerization of styrene in ether and dioxane,
despite the different dielectric constants of these solvents (4.33 and 2.28 at 20°),
proceeds with similar rates and activation energies.

The compositions of copolymers of the systems styrene—isoprene and styrene
—butadiene in the presence of electron-donor solvents were studied. For the
solvents amine and THF, the copolymerization constants were calculated from
data on the composition of the copolymers (Table 2).

In the copolymerization of the systems isoprene—styrene, butadiene—styrene,
upon introduction of electron-donor solvents, the relative fraction

Table 2

Copolymerization
Amount
of
styrene
(mol.%)
in the
copoly-
mer at a
ratio of 1
Copolymeriz@fipnlymerizatiom the
Experiment Temp., constants constants initial
No. System Medium °C T Ty mixture
1 Styrene Toluene 25 0.1 12.5 9.0
(1)-
butadi-
ene (2)
2 Styrene Amine 25 0.3 5.5 20
(1)— 40%
butadi-
ene (2)
3  Styrene Ether 25 — — 33
(1)— 40%
butadi-
ene (2)
4 Styrene THF —35 8+1 0.2+40.1 85
(1)-
butadi-
ene (2)
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Amount

of
styrene
(mol.%)
in the
copoly-
mer at a
ratio of 1
Copolymeriz@fipolymerizatiom the
Experiment Temp., constants constants initial
No. System Medium °C Ty Ty mixture
5 Styrene Toluene 27 0.25 9.5 12
(1)-
iso-
prene
(2)
6 Styrene Amine 27 0.8 1.0 48
(1)—
iso-
prene
(2)
7 Styrene THF 27 9 0.1 82
(1)-
iso-
prene
(2)
8 Styrene » —35 40 0 97
(1)—
iso-
prene

(2)

the styrene content in the copolymer increases. From the data obtained it is
evident that the effect of solvents on separate and joint polymerization is not
always similar (see, for example, the polymerization of styrene in the presence of
amine and ether). In the presence of THF, the compositions of the copolymers
are strongly enriched in styrene and correspond to the compositions obtained

in typically anionic processes®.

According to the data in Table 2, the relative reactivity of the monomers in
THF increases in the following order: isoprene < butadiene < styrene.

The relatively small deviation from a proportional dependence of the polymer-
ization rate of isoprene in amine and of butadiene in THF on the initiator
concentration makes it possible to assume that, in separate polymerization in
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polar media, the reactivity of the monomers changes in the same sequence as in
joint polymerization.

The effect of the solvents studied on polymerization processes depends substan-
tially on their electron-donor ability. Relatively weak electron-donor solvents
—amine, ether, dioxane—when interacting with lithium apparently change the
polarization of the Li—C bond only slightly. In some cases they even increase
the activation energy of chain growth, compared with hydrocarbon solvents,
as occurs in the polymerization of styrene (Table 1, Nos. 2, 5, 7). However,
solvents with high electron-donor ability (THF), by completely eliminating the
influence of lithium, sharply increase the polarization of the Li—C bond, which
correspondingly brings the process closer to the regularities of typical anionic
polymerization, in which the active center is a carbanion.

Physical-Chemical Institute
named after L. Ya. Karpov
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