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Summary 

The polymerizations of styrene and alpha-methylstyrene in 

liquid sulfur dioxide have been investigated by the use of the 

slow, continuous monomer addition technique in the presence of 

m-chloroperbenzoie acid or CF3S03H as initiator. Quasiliving 

polymerization has been obtained in Sty/MCPBA/-40~ S02 

system. The formed polymer is insoluble in the medium indicat- 

ing that in liquid SO 2 the propagating species remain active 

even in a heterogeneous system. 

Introduction 

In some carbocationic polymerization systems chain trans- 

fer and termination are absent or reversible. This way, it is 

possible to avoid these side reactions by employing special 

conditions. One of the most important techniques used to 

depress chain transfer to monomer, The quasiliving technique, 

has been developed by J.P.Kennedy et al. and is based on a con- 
tinuous slow monomer addition to the initiating system.(1,2) 

For the success of these reactions it is necessary to carry 

them out in an homogeneous medium with good stirring and on a 

continuous slow monomer flow in order to maintain a suitable 

low monomer concentration in the charge.(2) 

In the course of Our continued investigations using li- 

quid sulfur dioxide as the solvent in cationic polymerizations 

initiated by m-chloroperbenzoic acid we noted that: a) the mo- 

lecular weight increases linearly with the monomer/initiator 

ratio (3); b) chain transfer to monomer is diminished by using 

styrene as the monomer (4); c) in alpha-methylstyrene - styrene 

copolymerizations, the former monomer is more reactive (5) and 

this difference in reactivity favors the formation of block 

segments in the copolymer. (6) 

As the high ionizing power of this solvent and its abili- 

ty in solvate the counteranion prevent termination reactions, 
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we became interested to know how the continuous monomer addi- 

tion technique influences our polymerization system. This paper 

concerns our preliminary results using m-chloroperbenzoic acid 

(MCPBA) or trifluormethanesulfonie acid (CFsSOsH) as the initi- 

ator. 

Experimental 

Materials 

Styrene(Sty), alpha-methylstyrene (AMS), dichloromethane 

and MCPBA were purified according to the procedure previously 

described.(6,7) CFsSOsH was distilled under vacuum and stored 

in sealed ampules. 

Procedures 

Polymerizations were performed under N 2 in an apparatus 

previously described.(8) In a dry i00 ml. three-necked flask 

were placed the S02 liquefied by a Dewar condenser and the ini- 

tiator dissolved in 2 ml. of diehloromethane. The mixture was 

maintained at -20~ during 5 min. to form the m-chlorobenzoyl- 

sulfuric acid, the actual initiator in this system.(7) Then, 

the reaction temperature was kept at -40~ or -60~ and the mo- 

nomer was continuously slowly added. The increase of molecular 

weight with monomer input was followed by withdrawing aliquots 

from time to time and injecting them into excess methanol. 

Molecular weights were obtained by a Toyo-Soda GPC equip~ 

ed with two columns (10S,lo 6 A) and dual UV and RI detectors. A 

universal calibration curve using polystyrene standards was 

used. 

Results and Discussion 

In Table i are listed the results concerning the polyme- 

rization initiated by MCPBA using the continuous slow monomer 

addition technique. In Fig. i, the plot of polymerization de- 

gree versus monomer input shows that DP n increases linearly at 

the first stage of the Sty polymerization at -40~ (Exp. n~ 

BQ-23). As it was reported by J.P.Kennedy (i) this behavior and 

the fact that the total number of polymer molecules(P) (given 

by the Mtotal/D~ n ratio), remain practically unchanged at this 

stage, suggest quasiliving conditions and the absence of chain 

transfer. It should be emphasized that this experiment was 

carried out in liquid sulfur dioxide, in which polystyrene is 

insoluble. These results are not in agreement to the theory 

proposed by J.P.Kennedy that the quasiliving conditions are not 

satisfied in highly viscous polymer solutions where stirring is 

difficult.(2) We suggest that the Sty/MCPBA/liquid SO 2 is 

different in that the propagating species remain active even in 

a heterogeneous medium. 
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Fig. i. DP n vs monomer 

input plot of 

MCPBA/liquid S0 2 

polym, system. 

In Sty polymerization carried out at -60~ we also noted 

an increase of molecular weight with the monomer input. In this 

case, however, the total number of macromolecules increases 

during the run, indicating some chain transfer to monomer. The 

deviation of linearity may be related to the higher monomer in- 

put rate, which increases the monomer concentration in the 

charge. As the total number of macromolecules (P) is less than 

the initiator concentration(Exp, n~ BQ-23 and BQ-28 - Table i), 

we can also suggest that even in a highly ionizing medium, the 

initiator efficiency is low. 

In contrast, we cannot observe an increase of molecular 

weight with monomer input in the polymerizations of AMS under 

the conditions just described (Exp. n~ BQ-Ig and BQ-17). Proba- 

bly due to the higher reactivity of AMS the monomer concentra- 

tion in the charge is low enough so that irreversible chain 

transfer by indane formation can occur. 

The continuous slow monomer addition technique was also 

employed in preliminary polymerizations in liquid SO 2 initiated 

by CFsSOsH. The results are shown in Table 2, where we can 

observe an increase of molecular weight with monomer input, in 

the case of Sty polymerization. The total number of polymer mo- 

lecules (P) was always higher than the initiator concentration, 

indicating a higher initiator efficiency than with MCPBA and 

the presence of chain transfer to monomer. These results can be 
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related to the lower nucleophilieity of the counteranion deri- 

ved from CF3S03H and the more dissociated propagating species 

which favors chain transfer. 

In the case of AMS (BQ-35) the polym__eerization is comple- 

tely dominated by chain transfer and the DP n decreases with mo- 

nomer input. 
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