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A possible "direct initiation" of cationic polymerization of 
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Summary. 

Initiation of the cationic ~olymerization of isobutvlene by BCI_ requi- 
res a cocatalyst inmost cases.However,we found conditions ( G = -~0~ 
CHIC12 as solvent, BCIq~ 0.01M ) ~ere a direct initiation by BCI^ (i.e. 
wi~ no cocatalyst) is ~ossible.We showed that in such conditions HC~ is 
not a cocatalyst and that H20 content is too low to exnlain the results 
( high vacuum, and highly purified reactants and solvent ).The conversion 
increases linearly with the increasing concentration of BCl3.Amechanism 
is nromosed. 

Introduction. 

For a long time i t  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 in i t ia ted  by various Lewis acids:AIBr 3 or AICI~(2), 
TiCl4(3),AIEtClg(4).Depending on the mechanism they suaoest,authors ~las- 
s i f ied such pol~merizations as "direct","spontaneous",i ' ion radical" or"non 
protonic". In studies re lat ive to the synthesis of telechel ic ol iaoisobuty- 
lenes we carried out polymerizations at concentrations higher thin those 
mentioned above;the results are reported in this a r t i c le .  

Experimental. 

Two techniques have been used: vacuum l ine and high vacuum with complete 
ly sealed apparatus. 

vacuum l ine:  IB is dried through a column of molecular sieve and a co- 
lumn of BaO(both are heated under vacuum at 200~ for 24hr).CHgCl 9 is fresh 
ly d i s t i l l ed  from PgO 5 under nitrogen.BClR is d i s t i l l ed  jus t  b~fofe use. 

polymerization: ~ mixture of IB and CHIC19 is frozen in an al l -~ lass 
recator which is connected to the vacuum Tin~ and deaassed several times; 
when the solution is at the chosen temperature,BCl 3 is added;the polymeri- 
zation is stopped by introducing methanol. 

High vacuum: All reactants and solvent are dried using Sigwalt's tech- 
nique(6).BCl 3 is d i s t i l l ed  on two sodium f i lms, o 

Molecular weight determination: GPC(Waters) ~styragel columns(5OOA, 
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500A,lOOA),solvent THF.Standard: di isobutylene,tetraisobutylene and poly- 
isobutylene fract ions(3 fract ions rl = 3500,7850 and 14740) whose molecular 
weights were determined by vapor pressure osmometry.Viscosity values were 
determined in di isobutylene;viscosimetric average molecular weiahts are cal 
culated by Flory 's relat ion for polyisobutylene(lO). 

Results and Discussions, 

The results are reported in table 1. 

Table I .  

Polymerization of isobutylene in various experimental conditions at 
t = -30~ 

Exp. [ IB]  EBCI~ [Added cocatalys~ conversion M 

(M) (M) (M} Y% (e) 

I 1 O.13(a) - 84 104500(c) 

2 I O. l l (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 I 0.01 HCI 0.0016 <2 - 

9 I 0.19 H20 0.0017 65 4100(d 

(a) High vacuum,(b) High vacuum and reactants freshly d i s t i l l ed  and dried 
over sodium f i lms, (c)  From viscosimet~ic determination,(d~ From GPC (see 
experimental par t ) , (e)  After 30 mn. Y% =([M]o - [M~ ) /  LM]o x lO0,where 

IM]~ is the residual monomer when polymerization is stopped. 

In experiments 3 and 4 the conversion is high (>80%).In experiment 4, 
the conversion is 90% but the molecular weight of the result inq polymer is 
only 56000.According to Kennedy(5) such a polymerization is in i t i a ted  by 
the BCI3/HgO system where H 0 is the residual water in the reaction medium 
(exp. 3 and 4 are carried o~t in vacuum l ine and not in hiah pur i ty  condi- 
t ions) .  

Although experiments I and 2 were carried out in high vacuum condit ions, 
the i r  results are not incompatible with a cocatalyt ic i n i t i a t i o n : i f  the 
reaction mixture contains a cocata lyst , i ts  content is probably lower in ex- 
periment 2(high vacuum and freshly d i s t i l l ed  reactants) than in experiment 
1(high vacuum) which f i t s  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. 

I f  a cocata ly t ic  i n i t i a t i o n  takes place,what could be the co in i t i a to r?  
As hydrogen chlor ide might be present when BClq concentrat ion is high, 

we carr ied out a polymerization (exp.8) in presence of th is  compound:BCl~ 
is added to an IB solut ion maintained at -30~ 30 mn,gazeous dry H~I 
(0.0016 M) is introduced and reaction is stopped af ter  one hour .Pract ica l -  
ly  no polymer is obtained (conversion below 2%) showing that HCl/BCI~ sys- 
tem does not i n i t i a t e  isobutylene polymerizat ion,at  least in these c~ndi- 
t ions.The fact  that  HCI is not a cocatalyst  in isobutylene polymerization 
was already mentioned by Pham (8) when the i n i t i a t o r  is TiC1 4 and by Plesh 
(9) who studied IB-Aluminium halide systems. l t  is in te res t ing  to mention 
that Hazure (11) showed that HCI is a cocatalyst  of D ipheny l - l , l -e thy lene 
dimerizat ion when i n i t i a t o r  is AICI~ but is not when i n i t i a t o r  is TiCI~. 

As shown in experiment 3 and 4,w~ter is a cocatalyst  for  the polymeri- 
zation of isobutylene i n i t i a t e d  by BCl~;could residual water be responsible 
for  the polymerization in experiments I and 2 ?This is hardly probable as 
water content of the reaction medium in experiments I and 2 is too ]ow to ob 
ta in  such convers ions. l t  could be assumed that H~O is introduced as a BCI 3 
complex;however such a complex has never been mehtioned and is probably ve- 
ry unstable. Experiments carr ied out in the oresence of a proton trap (2,6- 
D i te r tbu ty lpy r id ine )  (15) did not change the conversion but decreased mole- 
cular weihgts of the polymers which does not favour the hypothesis of a co- 
ca ta l y t i c  process. 

This analysis of the resul ts  obtained in experiments i to 4 shows that 
polymerizations I and 2 resu l t  ver~_probably from a d i rec t  i n i t i a t i o n  by 
BCI~.The var ia t ion  of Ln Y against IBCl~]o.(Figure I)  is l i n e a r ; i t  shows 
tha~ conversion decreases with decreasing |BCI~] and that no polymerization 
takes place when [BCI~]< 0.01M which f i ts-Kennedy's resul ts  which were ob- 
tained in somewhat d i f fe ren t  condit ions (16). 

Sauvet and a l .  (12) analyzed the d i f fe ren t  ways i n i t i a t i o n  can take pla- 
ce when no c o i n i t i a t o r  is added.Longworth andP1esch (13) assumed that a 
s e l f - i n i t i a t i o n  of the Lewis acid could take place;However,t~e k ine t i c  ana- 
l ys is  of such a system leads to conversion proport ional to Co or Co (Co is 
the i n i t i a l  i n i t i a t o r  concentrat ion).  

The hypothesis of a solvent c o i n i t i a t i o n :  @ 
CH2CI 2 + BCI 3 ~ BCl 4 , r 

~CH~CI,BCI~ + H~C=C~ ~ CICH~-< ~, BCI 8 
leads to conversion p~oportiona~ to Co but is not ~upported ~y conduct iv i ty  
experiments (13). 

On the other hand,the d i rec t  addi t ion of Lewis acid on the double bond 
(12,14) can f i t  our resu l ts :  

BCl 3 + CH2=C(CH3) 2 ~ CI3B - CH2C(CH3) 2 
(M) (C,M) 

However,there is a competit ive formation of an inact ive complex : 

ko iBCl 3 ~ _ _ ~ i  iC14'M2 
B C I 3 + , I  - ,'tjk_-~....." 

5 -5+  
Cl 3 B M 
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Let C and R (~ be r e s p e c t i v e l y  the concen t ra t i on  in BCl 3 and in ac t i ve  
centers  at  t ime t :  Assuming t ha t  i n i t i a t i o n  is  very rap id  and [~!b~Co 

~c r.] I:c ] ~o ~ 10Fc ] _1 - d - T  - ko _ 2 ~ _ 

_ <~ rc..~ ,<, r.:~o [-~.. ] ~ [~,.]- ,<o [.]oLc: dt  = _ + _ - 

d FR* ] 

where k t is  the ra te  cons tan to f  t e rm ina t i on  r e a c t i o n .  

Combining and so lv inn  d i f f e r e n t i a l  eouat ions i to 3 leads to :  

where 

C , M ]  = 

A = 

B = -ko 

D : ( 

combination of 3 and 4 gives 

so lv in?  5 9ives : 

A ( e Bt - e Dt 

V]o 
~, I Igo + k 2 ) 

4 

kt R~ = A ( e Bt - e Dt ) 5 

F R ~ ] A eBt A eDt+ A A ) e - k t  t 6 
- = B + k t D + k t (D + k t B + k t -- 

Let kpbe the propagat ion ra te  constant  : 

dt  - = kp _ ~ 

combining 6 and ~ and i n t e g r a t i n ~  the d i f f e r e n t i a l  r e l a t i o n  ~ives : 

~ e Bt e Dt - k t t  - k t t  _ + e e ) 
Ln r]Q kp A ( BiB + k t )  D(D + k t )  k t (B + k t )  - kt(D + k t )  

- i  1 I + I kt)) 8 
+ A ( B(B + kt) + D(D + kt) kt(B + kt) kt(D + -- 

Le tha l  be the monomer concen t ra t i on  at  the end o f  the po l ymer i za t i on  : 
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Ln 
HI k 
- = A P 

kt 

D + k t 

D(D + k4 

As A is rro rortional to 
Figure I .  

B + k t 

B(B + kt)  

Fc = o 

9 

, re la t ion  9 f i t s  the plot  in 

.'5 Ln Yo~ 

"i 
/ I0 [BCI3] 

0.5 I 13 

Figure I : V~r iat ion of Ln (conversion) against [BCI3]o_ 

In experiment 9 where the water concentrat ion is much higher 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 react ive s i tes 
and to terminat ion invo lv in9 water. 
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