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Cationic Modification of Polychloroprene. II. 
Homopolymerization of lsobutyl Vinyl Ether 
and Synthesis and Characterization of 
Po I y (c h I o ro p re n e -g - I sob u t y I V i n y I Ether) * - 

J. P. KENNEDY and S. S. PLAMTHOTTAM 

Institute of Polymer Science 
The University of Akron 
Akron, Ohio 44325 

A B S T R A C T  

It was  discovered that allylic chlorines [ (CH3)2C=CHCHzCl, 
CH2=CHCH(Cl)CH3 ] in the presence of AgPFs are efficient 
initiators of isobutyl vinyl ether polymerization. The transi-  
tory ally1 cation formed during the precipitation of AgCl is 
presumed to be the initiating entity. This knowledge was  
exploited in the subsequent synthesis of the graft copolymer 
poly(ch1oroprene-g-isobutyl vinyl ether). In this synthesis, 
allylic chlorines in polychloroprene function as graft initiat- 
ing sites in conjunction with AgPFs. Grafting efficiencies are 
low due to the great propensity for chain transfer of isobutyl 
vinyl ether polymerization. Pure grafts have been obtained by 
selective solvent extractions and were characterized by gravi- 
metry, osmometry, 'H-NMR and DSC. Poly(isobuty1 vinyl 
ether) branch frequency was 7-12 in graft copolymerization 
car r ied  out a t  15 to 0°C. 

*Paper I in this series:  J. P. Kennedy and D. K. Metzler, J. Appl. 
Polym. Sci., Appl. Polym. Symp.,30, 141 (1977). 
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730 KENNEDY AND PLAMTHOTTAM 

I N T R O D U C T I O N  

A detailed fundamental understanding of elementary events in 
carbocationic polymerization has  led to the synthesis of a se r ies  of 
novel telechelic [ 11 and sequential [ 2, 31 copolymers exhibiting unique 
physical and chemical properties. Although most of these materials 
were synthesized by using organoaluminum or  boron trichloride co- 
initiators, sequential [ 4-61 copolymers of heterocyclic monomers 
and olefins [ 71 have also been synthesized by the use of certain metal 
salt coinitiators AgPFs, AgC104, AgOSOzCF3, AgBF4, AgSbFs , 
LiPFs . 

Recently we have discovered that isobutyl vinyl ether (IBVE) 
polymerization can readily be initiated by allylic chloride/AgPFs 
initiator systems. Subsequently this lead has been exploited in the 
synthesis of a new graft copolymer comprising a polychloroprene CR 
backbone with PIBVE branches: CR-g-PIBVE. This paper concerns 
preliminary studies that establish experimental parameters for 
efficient IBVE polymerization under simulated grafting conditions, 
grafting syntheses resulting in the preparation of new CR-g-PIBVE, 
and graft characterization studies aimed a t  the elucidationof select 
molecular parameters, e. g., branch frequency, of these novel 
materials. 

E X P E R I M E N T A L  

M a t e r i a l s  

Polychloroprene (CR) (15894- 79-2, an experimental sample pro- 
vided by the E. I. du Pont de Nemours and Co.) was purified by re- 
peated precipitations from toluene into methanol and then once from 
boiling ethyl chloride into n-pentane, The polymer was dried under 
vacuum, sealed under nitrogen, and stored at  Dry Ice temperature 
protected from light. Isobutyl vinyl ether was distilled from sodium 
dispersion. Methylene chloride was stored over calcium hydride and 
distilled once from calcium hydride and then from triethylaluminum. 
3-Chloro- 1-butene and l-chloro-3-methyl-2-butene were dried over 
calcium hydride and distilled under reduced pressure. AgPFs was 
used as  received. 

S y n t h e s i s  

Polymerizations were carr ied out in dry nitrogen atmosphere in a 
stainless steel enclosure using baked glassware cooled under a blanket 
of dry nitrogen. Graft copolymerizations were carr ied out in s t i r red  
glass reactors. CR dissolved in methylene chloride and IBVE were 
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rude reaction product 

n-pentane 
(Soxhlet, 48 

Insoluble 

( 4 7 % )  

I1 731 

hrs, Nz) 

Soluble 

(53%) 

In soluble 
( 5 % )  

FIG. 1. Graft separation scheme. Numbers in parentheses a r e  
percent materials obtained in experiment at  0°C. 

Soluble 
(95%) 

thermoequilibrated, and the polymerization was triggered by adding 
chilled AgPFs solution in methylene chloride. The charge slowly 
assumed a blue and la ter  a violet color during polymerization. Re- 
actions were terminated by the introduction of prechilled methanol 
which immediately discharged the color of the charge. The polymer 
was dissolved, filtered, precipitated into methanol and dried under 
vacuum. To remove ungrafted homopolymer, polymers were selec- 
tively extracted under nitrogen with n-pentane and THF/MEK as 
shown in Fig. 1. 

gel + high mol. wt. CR 

C h a r a c t e r i z a t i o n  

CR-z-PIBVE 

Small amounts of 
low mol. wt. CR 

+ 

Graft copolymer compositions were determined by 'H-NMR spec- 
troscopy with a Varian T-60 spectrometer from the instrument 
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I 

P I B V E  w,- 

5 4 3 2 1 0 8 7 6 

PPM (6) 

FIG. 2. 'H-NMR spectroscopy of poly(ch1oroprene-g-isobutyl 
vinyl ether). 

integrated areas of the methylene multiplet of CR at 2.7 ppm and the 
methyl doublet at 0.9 ppm of PIBVE. A typical graft copolymer 
spectrum is shown in Fig. 2. Number-average molecular weights 
were determined by vapor-pressure osmometry and high-speed mem- 
brane osmometry. Glass transition temperatures T were deter- 

mined by a duPont Thermal Analyzer 990 on 15-20 mg samples at a 
20"C/min heating rate. Grafting efficiency GE was calculated a s  

g 

where Wb is the weight of grafted branches and Wh is the weight of 
PIBVE homopolymer formed. Branch frequency is calculated by 

where MB is the backbone molecular weight and Mb that of the 
branches, X,, is the weight percent of PIBVE in the graft, and b/B is 
characteristic of the grafting process independent of side reactions. 
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CATIONIC MODIFICATION OF POLYCHLOROPRENE. I1 733 

R E S U L T S  AND DISCUSSION 

I B V E  P o l y m e r i z a t i o n s  w i t h  ( C H ~ ) Z C = C H C H Z C ~  a n d  
C H 2 = C H C H ( C l ) C H 3 / A g P F s  I n i t i a t i n g  S y s t e m  

It was postulated and subsequently proven that under well designed 
experimental conditions, allyl cations presumably arising during AgCl 
precipitation formed upon mixing an active allylic chlorine and AgPF6 
initiate the polymerization of IBVE. Thus in a ser ies  of orienting 
experiments it has been established that the addition of AgPFs to 
thoroughly dried charge of (CH3)2C=CHCHzCl or CH.z=CH-CH(Cl)CH3/ 
IBVE in CHzClz rapidly induces polymerization and yields reason- 
ably high molecular weight product in the +15 to -35°C range. Below 
this temperature, polymerization is too slow for practical experi- 
mentation. Table 1 shows representative results. 

tory allyl cations [ Eqs. (1) and (2)]. 
Polymerization is visualized to occur a s  a consequence of transi- 

603 603 e 
(CH3)2C=CHCHzCl + AgPFs - (CH~)~CE*CH"CHZ PFB + AgCl 1 

I (1) 

Direct cationation appears to be reasonable; however, it has not 
been proven by independent experiments. Further, in line with model 
experiments with (CH3)~C=CH-CHzCl/BCls/isobutylene [ 81 , we 
theorize that initiation would occur preferentially at  the less  hindered 
primary cation of the allyl system. Rapid cationation i s  expected 
because of the relatively high thermodynamic stability of the propa- 
gating carboxonium ion. Although polymerization is rapid above 0" C, 
induction times of several  minutes are observed below this tempera- 
ture if the IBVE and AgPFs a re  premixed. Induction disappears if 
initiator/coinitiator a r e  premixed a few seconds before monomer 
addition. Since silver salts  form [ 9, 101 complexes with T electron 
donors, induction may be due to the competitive formation of rapid 
argentation of IBVE at low temperatures. 

S y n t h e s i s  of C R - g - P I B V E  - 

On the basis of experiments described in the f i rs t  section, transi- 
tory allylic cations in conjunction with PF@ initiate polymerization 
of IBVE. This knowledge was subsequently exploited in the synthesis 
of graft copolymers from CR backbones. According to the latest 
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CATIONIC MODIFICATION OF POLYCHLOROPRENE. I1 737 

-60 -40 -20 0 20 -120 -100 -80 
Temperature, 'C 

FIG. 3. DSC trace of poly(ch1oroprene-g-isobutyl vinyl ether). 
Synthesis and purification procedures a r e  given in Fig. 1. 

Figure 3 shows the DSC trace of purified CR-g-PIBVE. The 
material  exhibits two T ' s ,  one a t  -41°C and the:ther at -23OC, 

corresponding to the transitions of the backbone CR and the PIBVE 
branches, respectively. 

g 
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