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A possible “direct initiation” of cationic polymerization of
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Summary .

Initiation of the cationic rolvmerization of isobutvlene by BCl, recui-~
res a cocatalyst in most cases.However,we found conditions ( 6 = —§O°C,
CH Cl2 as solvent, BCl, » 0.01 M) where a direct initiation by BCl, (i.e.
wi%h fio cocatalyst) is possible.We showed that in such conditions HCI is
not a cocatalvst and that H.O content is too low to exnlain the results
( hich vacuur and highly pufified reactants and solvent ).The conversion
increases linearly with the increasing concentration of BC13.A rechanism
is prorosed.

Introduction.

For a Tong time it has been accepted that isobutylene(IB) could be poly-
merized by Lewis acids,only in the presence of a cocatalyst(1).However,more
recently,several authors claimed that,even in absence of a cocatalyst,IB
polymerization can be initiated by various Lewis acids:A1Br, or A1C1,(2),
TiC14(3),A1EtC1 (4) .Depending on the mechanism they suacestjauthors g]as-
sified such po]&merizations as "direct","spontaneous",”ion radical" or"non
protonic”.In studies relative to the synthesis of telechelic oliaoisobuty-
lenes we carried out polymerizations at concentrations hicher than those
mentioned above;the results are reported in this article.

Experimental.

Two techniques have been used: vacuum Tine and hich vacuum with complete
1y sealed apparatus.

vacuum Tine: IB is dried throuch a column of molecular sieve and a co-
Tumn of BaO(both are heated under vacuum at 200°C for 24hr).CH,Cl, is fresh
1y distilled from P 05 under nitrogen.BC1, is distilled just bgfo;e use.

polymerization: K mixture of IB and CH,C1, is frozen in an all-alass
recator which is connected to the vacuum ?1ng and degassed several times;
when the solution is at the chosen temperature,BC13 is added;the polymeri-
zation is stopped by introducing methanol.

High vacuum: A1T reactants and solvent are dried using Siawalt's tech-
nique(6).BCT, is distilled on two sodium films. °

Molecular“weight determination: GPC({Maters) ustyragel columns(500A,
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500A,100A),solvent THF.Standard: diisobutylene,tetraisobutylene and poly-
isobutylene fractions(3 fractions M = 3500,7850 and 14740) whese molecular
weiahts were determined by vapor pressure osmometry.Viscosity values were
determined in diiscbutylene;viscosimetric averaae molecular weiahts are cal
culated by Flory's relation for polyisobutylene(1C).

Results and Discussions.

The results are reported in table 1,

Table 1.

Polymerization of jsobutylene in various experimental conditions at
t = -30°C.

Exp. [IB} [BC]é] [Added cocatalyst] conversion M
m) (M) M) Y% (e)

1 1 0.13(a) - 84 104500(c)
2 1 0.11(b) - 60 190000(c)
3 0.9 0.11 - >80 -

4 1 0.14 ~ 90 56000

5 1.2 0.13 - 95 -

6 0.9 0.05 ~ 21 -

7 0.9 0.02 - 12 -

8 1 0.01 HC1 0.0016 <? -

9 1 0.19 HZO 0.0017 65 4100(d)

(a) High vacuum,(b) Figh vacuum and reactants freshly distilled and dried
over sodium films,{c) From viscosimetric determ1nat10n {d} From GPC (see
ex%erimenta1 part) (e) After 30 mn. Y% =([MJo - [M]_ )/ [M]o x 100,where

[M\m is the residual monomer when polymerization is stopped.

In experiments 3 and 4 the conversion is hiagh (> 80%).In experiment 4,
the conversion is 90% but the molecular weight of the resulting polymer is
only 56000.According to Kennedy(5) such a polymerization is initiated by
the BC1 /H 0 system where H,0 is the residual water in the reaction medium

(exp. 3 ang 4 are carried oat in vacuum line and not in hiah purity condi-
tions).

Although experiments 1 and 2 were carried out in high vacuum conditions,
their results are not incompatible with a cocatalytic initiation:if the
reaction mixture contains a cocatalyst,its content is probably Tower in ex-
periment 2(high vacuum and freshly distilled reactants) than in experiment
1(high vacuum) which fits the fact that conversion decreases (84 and 60%)
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and molecular weight increases (104500 and 190000) from experiment 1 to ex-
periment 2.

If a cocatalytic initiation takes place,what could be the coinitiator?

As hydrogen chloride might be present when BC1, concentration is high,
we carried out a polymerization (exp.8) in presenée of this compound:BCl
is added to an IB solution maintained at -30°C;after 30 mn,gazeous dry Hé]
(0.0016 M) is introduced and reaction is stopped after one hour.Practical-
1y no polymer is obtained (conversion below 2%) showing that HC1/BC1, sys-
tem does not initiate isobutylene polymerization,at least in these cgndi-
tions.The fact that HC1 is not a cocatalyst in isobutylene polymerization
was already mentioned by Pham (8) when the initiator is TiCl, and by Plesh
(9) who studied IB-Aluminium halide systems.It is interesting to mention
that Mazure (11) showed that HC1 is a cocatalyst of Diphenyl-1,1-ethylene
dimerization when initiator is Al1Cl, but is not when initiator is TiCl,.

As shown in experiment 3 and 4,w§ter is a cocatalyst for the po]yme&i-
zation of isobutylene initiated by BCl,;could residual water be resnonsible
for the polymerization in experiments % and 2 ?This is hardly probable as
water content of the reaction medium in experiments 1 and 2 is too low to ob
tain such conversions.It could be assumed that F,0 is introduced as a BCIl
complex;however such a complex has never been meﬁtioned and is probably ve=
ry unstable.Experiments carried out in the presence of a proton trap (2,6~
Ditertbutylpyridine) (15) did not change the conversion but decreased mole-
cular weihats of the polymers which does not favour the hypothesis of a co-
catalytic process.

This analysis of the results obtained in experiments 1 to 4 shows that
polymerizations 1 and 2 result very probably from a direct initiation by
BC1,.The variation of Ln Y against [BCI Jo.(Figure 1) is linear;it shows
tha% conversion decreases with decréési%g [BC] J and that no polymerization
takes place when |BC1,1< 0.01 M which fits Ken%edy's results which were ob-
tained in somewhat di?ferent conditions (16).

Sauvet and al. (12) analyzed the different ways initiation can take pla-
ce when no coinitiator is added.Lonaworth andplesch (13) assumed that a
self-initiation of the Lewis acid could take p1ace;However,tEe kingtic ana-
lysis of such a system leads to conversion proportional to C; or Cy (C, is
the initial initiator concentration).

The hypothesis of a solvent coinitiation: o 8

CH2C12 + BC]3 —_— BC]4 s CH2C1

8cnc1,801%  + He=¢ ——  CIcH,-7®, BC1®

leads to convegsion pﬁoportiona? to\CO but is not gupborted éy conductivity
experiments (13).

On the other hand,the direct addition of Lewis acid on the double bond
(12,14) can fit our results:
’ 8- 5+
3)2 —_— C13B - CH2C(CH

(M) (C,M)

However,there is a competitive formation of an inactive complex :

TiCl4.M,

BCl, + CH,=C(CH

3 2 3)7

ko

BCl, + M —— l3c13,m J

) k1

N 6 6+

C]3B M
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Let C and r® be respectively the concentration in BC]
centers at time t: Assuming that initiation is very rapid

and_in active

3and [h>Ce

dC oir S .
L | Y S LT 1
d fem] . -
- el - i fen ]+ kg [C,MJ - ko [n)lc] 2
@ .
a [R%] [ 1 ' 8
TS R |G| kR 3
where k, is the rate constantof termination reaction.
Combining and solvina differential equations 1 to 3 Teads to:
[C,MJ = A (BP0t 4
“wl Tl
where A _ ko k2 LM~ (o f_ .C_JO
3 LM}O +oky - kQI—HJQ
B = ko [M]
D= - (kM + Ky)
combination of 3 and 4 aives :
8] 8
d LR d k, R _ Bt Dt
e + t = A{e " -e") 5
solving 5 gives :
9 J A Bt A Dt A A -k, t
[R = e - e+ (o - g=—c)e t 6
. B+ kt D+ kt D+ kt B+ kt -
Let kpbe the propacation rate constant :
dml_ [ e][;,] .
- FI kp _R AL !
combining 6 and 7 and integrating the differential relation gives :
g [, oy oBt ] oDt . o Kyt ] o Kt )
M] p B(B + ki) D(D + k) ky (B + ki) ki (D + ki)
-1 1 1 1
+ A { + - + ) 8
B(B + kt) D(D + kt) kt(B + kt) kt(D + kt) =

Let[ﬂL be the monomer concentration at the end of the polymerization :
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L[M]; Akp D+]<t B+kt
n B k. | DD+k) T BEB+K) 2
As A is rrorortional to ICL ='[BC13lo,re1ation 9 fits the plot in
Fiqure 1. - LAl -
$Lnyy
L5

A

10 [BC15]
o5 1 5,

Figure 1 : Variation of Ln (conversion) anainst [BC]élo

In experiment 9 where the water concentration is much hiaher than in ex-

periments 3 and 4 the conversion is 65% but the molecular weight of the po-
lymer is only 4100.This can be due to the high number of reactive sites
and to termination involvina water.
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