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A B S T R A C T  

Radical copolymerization of styrene (St, MI ) with methyl vinyl- 
sulfoxide (MVSO, Mz ) has been carried out in various solvents 
at 8OOC. Good linear correlationships were obtained by plotting 
the values of log r l  against those of vS-0 frequencies of MVSO 
determined in the solvents and of 52 and ET values of solvents 
used. 

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

Recently, we showed that solvent effects were observed in the 
radical copolymerization of styrene (St) with a few vinyl monomers 
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bearing rather polar roup, i.e., methyl methacrylate [ 11, N,N- 
dimethyl acrylamide r 2 ]  and 2,6-dimethyl-pyridazine-3-one [ 31. In 
all these cases, protic solvents such as phenol and carboxylic acid 
were found to affect the reactivities specifically, and these results 
were discussed in terms of the hydrogen bonding solvation to the 
polar groups both in the ground state and in the transition state. 

Furthermore, we extended our experiments to an asymmetric in- 
ductive copolymerization of St with maleic anhydride in 8-menthol to 
obtain an optically active copolymer [ 41. 

This manuscript deals with the radical copolymerization of St(M1) 
with methyl vinylsulfoxide (MVSO, Mz)  in a few protic solvents, and 
the results a r e  discussed in terms of the solvent effect both in the 
ground state and in the transition state. 

Recently, the radic a1 copolymer izabili t y of e thy1 vin ylsulfoxide 
with St was reported to be strongly affected by the reaction media 
[ 51. In this case, however, the results were discussed in terms of 
solvation only at the ground state and no treatment at the transition 
state was involved. 

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

Styrene (St, M1), methyl vinylsulfoxide (MVSO, MZ ), and azobisiso- 
butyronitrile (AIBN) were purified by the conventional methods. 

Solvents were purified by the ordinary methods. 
Radical copolymerization of St with MVSO was carried out with 

AIBN as an initiator in several solvents at 80" C in a degassed ampule. 
The copolymers were purified by the reprecipitation method from 

benzene- methanol. 
The compositions of the copolymers were determined by elemental 

analysis. 

R E S U L T S  A N D  DISCUSSION 

The radical copolymerization of St (MI) with MVSO has been carried 
out in several solvents at 80°C. 

Table 1 summarizes the values of monomer reactivity ratios (rl) 
which varied greatly with the solvents. These observations seem to 
imply that some different degree of solvation to monomer will occur 
to affect the reactivity. 

Therefore, the stretching frequencies 16-0 and vC=C of MVSO 
were determined in the solvents and are included in Table 1. The 
stretching frequency of 16-0 was found to be considerably affected 
by the solvents but that of vC=C was slightly affected. These results 
appear to indicate that the solvents interact with the S=O group of 
MVSO rather than with the C=C group. On the other hand, no shift 
was observed in the infrared spectra of St with the solvents. Thus 
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TABLE 1. Monomer Reactivity Ratios (r1) for Copolymerization of 
St (MI) with MVSO at 80" C and IFt Spectra of MVSO in Several Solvents 

x c1 
H 

CH3 
OCH3 
AcOH 
EtOH 

1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

1.0 

1.0 
1.0 
1.0 

1.8 1 
1.37 
1.79 
3.03 
3.20 
5.34 

5.11 

6.76 
7.63 
8.17 

1039 
1039 
1039 
1056 
1047 
1047 

1047 

1060 
1062 
1063 

1604 
1604 
1604 
1605 
1606 

1605 

1605 

1603 
1605 
1606 

the reactivity is deduced to be exclusively affected by the solvation 
to MVSO. 

It is interesting to note that nearly linear correlationships were 
observed by plotting the values of log r l  against those of vS-0 
(Fig. 1); namely, the stronger the interaction between MVSO and the 
solvent, especially a protic solvent, the more the reactivity increased. 

semipolar sulfoxide group via a hydrogen bonding to decrease the 
charge density of the double bond of MVSO, thus increasing the re- 
activity of MVSO with the rather negative polystyryl radical. In 
other words, the reactivity can be ascribed in part to be due to the 
different degree of solvation in the ground state. This may be partly 
supported by the fact that in the phenol system (Fig. 2) a negative Y 
value (-2.18) was obtained by plotting log l/rl values against (I values 
with the modified Hammett's equation demonstrated by Otsu et al., 
where a positive p value was observed. 

tion, however, the authors have emphasized that the solvent effect 
should be discussed in terms of the stabilization not only in the ground 
state but also in the transition state. In the present study the authors 
obtained information supporting such an hypothesis. Namely, good 

These observations suggest that a protic solvent interacts with the 

In a series of works on the solvent effect in radical copolymeriza- 
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FIG. 1. Relationship between log r l  and vS-0 of MVSO in solvents. 
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FIG. 2. Correlationships of log l/rl with Hammett's u constant 
for the copolymerization of St(Ml) withMVSO in p-substituted phenols. 
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FIG. 3. Dependence of log rl on the ET values of solvents. 
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FIG. 4. Dependence of log r1 on the S2 values of solvents. 
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linear relationships were observed in the plots of log r l  values with 
the ET and f2 values of the solvents used (Figs, 3 and 4). These 

values a re  regarded as a measure of the solvation ability to a polar 
structure at the ground state and at  the transition state. Thus the 
linear correlationships observed in Figs. 3 and 4 suggest that the 
polarized structure of the MVSO or the poly-MVSO radical became 
important in the transition state. In the radical copolymerization of 
p-substituted styrene with MVSO, a p value in acetic acid with 
Hammett's equation was observed to be larger than that in benzene 
[ 61, and this was also ascribed to a stabilization of the transition 
state due to the electron-accepting hydrogen bonding solvation to the 
sulfoxide group. 

In summary, the copolymerizability of St with MVSO is affected 
by the different degree of solvation of the S=O group of MVSO in 
the ground state and in the transition state. 
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