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We rish to report that a cation-redical,(C,H,CH.CB2)‘ r , 

might be formed in liquid sulfur dioxids from styrene by 

anthracene and oxygen. When a mixture of styrens and 

anthrsoene ras added dth liquid sulfur dioxide in tne 

presence of oxygen at O*C, ztyrene polymerizes immediately. 

Ths oonverslon was neary quantitative and the product conristod 

of polystyrene exclusively, the elemental analysiz, (Found, C, 

91.88: H.7.L5; Calcd. for (IleEs), ,C,92.26: H.7.74 gb), 

indicating a cationio polymerization zas undertaken during the 

experimental condition. Ths IR spectrum of the polymer was 

exactly superimposabls with that of an authentic polystyrene. 

The product contained no sulfur atom as its oonstituent. The 

polymerization was inhibited by addition of dimethylsulfoxide, 

also indicating an additional evidenoo for the cationic nature 

of the polymerization'. 

The relationships among the yield, the molecular weight 

of the polymer and the anthraoene used are listed in the 

TABLE 1. 
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T.lBLE 1 RESULTS OF THE POLYMERIZATIOR AT O*C 

Liq.SC, Styrene Anthracene Yield* [y Ib.w. ** 

ml Mole/l 18 x Mole/l $ lOOml/g x lo-' 

14.2 1.5L 0.392 62.9 0.578 11.1 

14.7 1.54 3.31 92.9 0.622 12.4 

lL.3 1.54 16.3 95.1 0.502 9.0 

14-o 1.5L 71.0 96.2 0.416 6.8 

* The !ieection Time; 6 Hrs. 

Q* Peppter's Eq., [~)=2.7 z lo-* M"'6sin benzene at 25*C, 

I88 ,xsed. 

The molecular weight was inversely dependent upon the concentration 

of anthractne used and dependent on the initial 

atyrene 8s will be discussed later. 

The sequence of the polymerization will be 

followingg 

a) + 0, li,.so, m + 0; (so,) 

concentration of 

given 8s the 

(1) 

I II 
II + C,HP~=CH,- I + 

+ 
C,HsCH=CHe. (2) 
IV 

IV + III - Polystyrene (3) 

The evidences for the possibility of the formation of the 

cation-radical, IV, srer 

1. The polymerization cannot be initiated rapidly in the 

absence of either oxygen or anthracene. 

2. An electronic spectrum of the solution gives 8 A,, at 

610 rn/" (FIC.l) similar to that of diphenylethylene cation- 

radical reported by Leftin and Hall2 which is obtainable from 



diphenylethylene adsorbed on silica-alumina or from diphenyl- 

ethylene dissolved in benzene-triohloroaoetio acid mixture' , 

while the spectra of anthracene b,lC , the oarbonium ion, 

+ 
CeHsCHCH, 5 , and the grazing polymer oarbonium ion 

6 
,respecively, 

are all near at I+00 mf in various solvents. 

3. Liquid sulfur dioxide could not be oxidized in 

of anthracene by oxygen to sulfur trioxide vhioh 

otherrise initiate the oationio polymerization. 

the presence 

might 

I,. If the sulfur trioxide might be formed by another cause such 

as by a peroxide of anthracene, a cationio and a radical 

polymerizations should result simultsneously and the products 

must involve a mixture of polystyrene and styrene-polyeulfone. 
7 

5. Anthraoene-peroxide aas not detected by KI test, zhon a 

current of oxygen ras passed through liquid eulfur dioxide 

containing anthracene. 

It has been reported by Asami and Tokura' that the 

polymerization of styrene in liquid sulfur dioxide with stannic 

chloride as the initiator was approximately of living nature, 

whose D.P. of the product is expressed as, 

D.P. = k, (M) / (c) + ai (Al) 

where, (Y) and (C) are concentrations of the monomer and the 

initiator, and k, and a, are the constants. 

The results of the present experiment also satisfies the similar 
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expression, Eq. (AZ), as will be calculated from TABLE 1. So, 

I1.B. - lcs (M) / (C) + as (A2) 

The present authors ars not yet sure whether the initiating 

carbonium :.on is a mono-cation (V) or a di-oation (VI), the 

latter being an initiating species like the Szaarc's 

anion-radioal inititated polymerization in tetrahydrofuran. 

IV + R----r 

R: a radical scavenenger 

H-CH,-cII+ V (4) 
b% 

n! + IV v +yH-CH,-CH,-yH+ (5) 

CeHs CsH, 
VI 

If the polymerization by anthraoene and oxygen in liquid 

sulfur dioxide is to be growing via the di-oarbonium ion (VI), 

resulted by a recombination of the cation-radicals, (IV), 

k,/kZ should be, 

the found value being 50/28, i.e., approximately 2. 

The counter-anion of the polymerizing ion pair may 

probably be HSO; anion produced from 6;, SO, and a trace of 

rater in liquid sulfur dioxide. The comolex, such as 

anthraoene-sym-trinitrobenzene is also a good initiator of - 

the polymerization in the presence of oxygen, since the comlex 

reFlaoes its acceptor-component by sulfur dioxide to form an 

anthracene-SO, complex in liquid sulfur dioxide as, 
10 
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