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The Reaction of Vinyl Monomers with "Trapped 
Free Radicals" 

Raymond B. Sepur 
Department of Polymer Science 
university of Southern Mississippi 
Hattiesburg, MS 39401 

G. Allan Stahl 
B. F. Goodrich R & D Center 
9921 Brecksville Paad 
Brecksville, OH 44141 

Previous attmpts to prepare copolymers by the reaction of 
vinyl mollcmers, such as styrene, w i t h  "trapped free radicals" 
such as acrylonitrile mcroradicles has been unsuccessful because 
of the large differences in solubility parameters between the 
liquid and the solid. Hawarer, acrylonitrile will react with 
styrene macroradicals in the absence of oxygen, and yield block 
copolymers. 
KO-s arid other mcroradicals when the difference in the 
solubility parameter of the m o m  and mcroradicals is less 
than 3.2H. 

Block copolymers may be prcduced f m  other vinyl 

It has been observed, for m y  years, that same polymers, 
such as polyacrylonitrile (PAN) , polyvinyl chloride, (FVC) , 
polyvinylidene chloride (PVDC) , arid plytrif luorochloroethylene 
are insoluble in their nonamers and that these polymers precipitate 
when the m3rrcmers are polymerized by free radical-initiated 
polymrization, in the absence of solvents. 
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816 SEYMOUR AND STAHL 

While the mcroradicals continued to grow_, as evidenced by 
an increase in the degree of polymerization (DI?), other vinyl 
m n m s ,  such as styrene, did not add t o  these mcroradicals. 
T h i s  investigation was dertaken in order to a s s h i n  Proper 
conditions for such addition reactions and thus to  produce novel 
copolymers by the reaction of vinyl mnaners and "trappxl free 
radicals". 

EXPERIMENTAL 

Macroradicals were obtained by heating a 10 percent solution 
of freshly disti l led m n m s  i n  a selected solvent a t  5 0 q  in the 
presence of 20 percent azobisisohtyronitrile (AIBN) (based on 
m m )  and i n  the absence of oxygen. Oxygen was eliminated 
frcin the system by bubling zero gradenitrogen through the solution 
for 30 min. a t  rcun temperature. 

The mixture was heated for seven days a t  50% to assure the 
absence of primary free radicals before adding the new mr-aner 
to the slurry i n  a glove bag type dry box i n  the absence of oxygen. 

The products were obtained by fi l tering i n  Gooch crucibles 
and washing the residual solids with new solvent. 
solids e r e  dried a t  10- for 24 hours and cooled in a vacuum 
desiccator for 12  hours. 

The washed 

The solvent-free samples were dissolved i n  a good solvent 
and the hamplymers and block copolymers were precipitated 
separately by the addition of selected nonsolvent, f i l tered and 
dried. 
by pyrolysis gas chrmtography, t u r b i d k t r i c  t i tration, infra 
red spectroscopy, and differential thermal analysis. 

The solvent-free polymeric products were characterized 

DISCUSSICN 

I t  was observed previously tha t  the ra te  of polymerization 
of vinyl chloride1 and acrylonitrile was accelerated in  the 
presence of polymer wkich had precipitated because it was 
insoluble in the mnane.r2. 
PAN was present and the acceleration was attributed to the presence 
of "trapped free radicals"3. 

This effect was not noted when d a d  

The latter were characterized by electron spin resonance 
spectro~~~py (ESR) and by coupling w i t h  diphenyl picryl hydrazyl 
(DDPH) 4. 

mcroradicals were termma ' ted by the presence of traces of oxygen 
and were not produced wfien acrylonitrile was polymerized in a 
good solvent, such as d i m e t h y l f d d e  (DMF). 

It was also SIXWII that the v l t r a m  free radicalsv1 or 
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VINYL MONOMERS 817 

Acceleration of polymerization was also observed when styrene 
was polymerized in a poor solvent, such as methanol5 or l-hexane6. 
other macroradicals have also been obtained by the plymerization 
of acrylonitrile7, methyl acrylate8 and -1 mixtures of styrene 
and maleic anhydrideg in poor solvents. 

The criterion for a poor solvent was that the difference in 
lyrner and solvent be at least solubility parameter between the 

1.8 Hildebrd units (H)lO, 11, 17 The rate of polymerization 
was fastest when the difference was 1.8H and decreased as th is  
difference in solubility pameters increasedl3. 

Acrylonitrile and vinyl chloride will diffuse into macroradicals 
of these mnaners and produce high= mlecular weight hanopolymers. 
Howxer, other m m s  will not diffuse into these macroradicals 
unless the difference in the solubility parameters of the mnaner 
and macroradical or polymer is less than 3.2Hl4. 

This explains why it is not possible to produce a block 
copolywr by add- styrene rnrxxer (9.W) to acrylonitrile 
(13H). Yet, sane block copolymer is prcduced when D%IF is added 
dropwise to a slurry of acrylonitrile macroradicals in benzene 
and styrene. 
acrylonitrile is plymrized in m. 

Of course, only dead polymer is obtained when 

since styrene and acrylonitrile fom a charge transfer 
ccmplex which has a solubility parameter of lOH, a block coplymer 
ie, ply (acrylonitrile-~styrene-co-acrylonitrile) is produced 
when an equifiolar mixture of styrene and acrylonitrile is added to 
a slurry of acrylonitrile macroradicals in benzene. Likewise, 
while neither styrene nor maleic anhydride will fom a block 
copolymer with acrylonitrile macroradicals, a block i.e., p l y  
(acrylonitrile-~styrene-co-maleic anhydride) is produced when 
equirrolor quantities of styrene and rr. leic anhydride (ll.0H) are 
added to a slurry of acrylonitrile rracroradicals. When an excess 
of styrene mllcmer is present, the prcduct is ply (acrylonitrile-b 
styrene-comaleic anhydride-bstyrene) 15. 

While styrene (9.W) will not diffuse into macroradicals of 
acrylonitrile (13.H), acrylonitrile (10.8H) will diffuse into 
styrene macroradicals (9.W dispersed in 1-propanol. The 
resulting block copolymer, of course, is identical to that which 
cannot be rdily prepared by the addition of styrene to 
acrylonitrile mcmradicals 

styrene macroradicals may be prcd~cd in a poor solvent, such 
as 1 - p ~ l  (11.9H) and in a nonplar solvents, such as 1-hwane 
(7.3H) . Block copolymrs are readily prcduced when vinyl 
mnaners are added to these macmradicals. 

Block copolymers have also been prcduced by the addition of 
vinyl mrnrers to macroradicals of meth 1 methacrylatel7, vinyl 
acetate18, and styrenemaleic arihydride?g. The length of the 
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818 SEYMOUR AND STAHL 

styrene block of the latter is limited to about 30 percent of 
that of the macroradical when the block is prepared in benzene. 
I -hwer ,  larger blocks may be prepared in solvents which are b t h  
nonsolvents for styrenemaleic anhydride copolymer and polystyrene. 

such as methyl acrylate, with low Tg values. This restriction, 
based on mobility, also applies to blocks of mrmners with low 

Likewise, blocks cannot be prepared at temperatures 
abave the theta tanperature. Thus, while good yields of p l y  
(methyl methacrylate-k-acrylonitrile) are obtained by heating a 
slurry of methyl methacrylate macroradicals and acrylonitrile 
in 1-propano1 at 700, the yields decrease as the tenperature 
is increased. 

It is difficult to prepare stable macroradicals of mnaners, 

values. 

The theta tanperature of t h i s  systen is 820. 

biacroradicals are also stable in viscous gocd solvents and 
block copolymers may be produced by the addition of vinyl mnaners 
to viscous solutions of macroradicals. The yield of block capolymers 
in poor solvents is also incrased when the polymerization takes 
place in viscous poor solvents20. 

The yield and molecular weight of styrene macroradicals was 
increased when these mcroradicals were produced in silicone oils 
of increasing viscosities21. Likewise, the degree of dispersity 
decreased as styrene CQntinUed to add to these styrene macroradicals. 
?!he l m s t  value for the degree of dispersity was noted after long 
time polymerization in the highest viscosity silicone oils. 

Block m p 0 l y n - r ~ ~  are readily prcduad by the reaction of 
vinyl mnanzrs with stable macroradicals in p r  solvents. 
The efficiency and rate of fomt ion  of block copolymers is 
increased in viscous systans. 
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