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Poly(vinylene carbonate) has been mechanically degraded. The structure and the reactivity of poly- 
mer radicals have been studied over the temperature range between - 7 0  ° and 150°C. At - 7 0 ° C  the 
following radicals are present: 
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The hyperfine splitting constants are: (I), a H = 1.96 mT and aH = 3.34 mT; (I I ), aH 1 = 3.2 mT: 
= 4" o ( l l l ) ,aH = 1 .25mTanda H 1.75mT. At 70 C, new radicals occur and the total spectrum becomes 

asymmetrical, 

INTRODUCTION 

From the viewpoint of the e.s.r, spectroscopy, poly(vinylene 
carbonate) (IV) has the structure similar to poly(maleic 
anhydride (V). 
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Although the e.s.r, spectra of free radicals of the mechani- 
cally degraded poly(maleic anhydride) have not yet been 
investigated, the radicals trapped in the mechanically de- 
graded copolymer maleic anhydride-methyl methacrylate 
(MA-MMA) with various amounts of maleic anhydride were 
studied in detailL During mechanical degradation, forma- 
tion of the primary free radicals is expected mainly by bond 
scission in the main chain joining monomeric units leading 
to similar types of radicals [(I) and (Ia)] for poly(vinylene 
carbonate) and poly(maleic anhydride). However, it does 
not necessarily follow that hyperfine splitting constants are 
the same in these radicals since spin density and position 

of the 13-proton can be different in I and Ia. 
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Apart from this, it was shown ~ that during alkyl radical de- 
cay in mechanically degraded copolymer MA-MMA, allyl 
and polyene radicals are formed, and in amounts varying 
with the percentage content of maleic anhydride in the 
copolymer. Most radicals were formed in a copolymer with 
12% of maleic anhydride;in the copolymer containing 2% 
ofmaleic anhydride the amount of the radicals was not 
measurable. It seems that it is maleic anhydride which is 
responsible for the formation of these radicals. Double bond 
formation was thought to arise ~ as a result of decomposition 
of the maleic anhydride ring. The present paper presents a 
study of radicals formed during mechanical degradation of 
poly(vinylene carbonate). 

EXPERIMENTAL 

Vinylene carbonate was prepared by the dehydrochlorina- 
tion of chloroethylene carbonate in the presence of triethy- 
lamine, following the method described by Newman and 
Addor 2'3 (b.p., 73°-74°C/4.3 kPa;m.p. = 22°C; n~) 5 = 1.4190; 
d425 = 1.3541 g/cm3). 

Polyvinylene carbonate was prepared by polymerization 
of vinylene carbonate in the presence of 0.2 wt % AIBN at 
70°C in a sealed ampoule in nitrogen 4. The limiting viscosity 
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Figure 1 Experimental e.s.r, spectra of radicals trapped after 
mechanical degradation of poly (vinyl carbonate) at --196 ° C and 
measured at: A, -70°C;  B, -15°C;  C, 30°C; D, 70°C; E, 120°C; 
F, 150 ° 

number, determined in dimethylformamide at 25°C in an 
Ubbelohde viscometer, was [77] = 1.09 (c = g/100 cm3) s. 
The number-average molecular weight determined by an 
automatic Hewlett-Packard membrane osmometer in DMF 
at 30°C was-~n = 3.6 x 105. 

A cylindrical sample was mechanically degraded by a 
special vidium drill in vacuum in an ampoule dipped into 
liquid nitrogen as previously described 6. The e.s.r, spectra 
were measured on an X-band e.s.r, spectrometer (Zeiss, Jena) 
over the temperature range -70  ° to +150°C. 

RESULTS AND DISCUSSION 

Analysis of the e.s.r, spectrum of the mechanically degraded 
poly(vinylene carbonate) measured at -70°C (Figure 1) 
showed the presence of several types of radicals. 

It is known that mechanical degradation produces prima- 
rily scission radicalsT; therefore in the e.s.r, spectrum (Figure 
1) the presence of these radicals was expected. Since the 
main chain of poly(vinylene carbonate) consists only of 
tertiary carbons equally substituted, the main chain scission 
can lead to the tormation of only one type of end radical 
(I), the presence of which has been confirmed (Figure 1). 

The alkyl radical (II) also present in the spectrum in 
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Figure 1 was probably formed by transfer reaction between 
radical (I) and the polymer. 
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Both the chain scission and the transfer reaction may give 
rise to only one radical type, viz. (I) and (II) respectively 
since it is considered that degradation of the carbonate 
cycles is improbable 

The structure of the spectrum at -70°C and changes 
occurring during the heating process show that apart from 
these two types of radicals another one is also present in 
the system. However, since it cannot be the alkyl radical it 
is assumed that the allyl radical (III) was formed by transfer 
reaction of alkyl radicals to a polymer that might initially 
have had double bonds at chain ends. 

CH=C,  ( ~ - - C H - - C H - - C I - - I - -  
/ \ / \ 

o / 

(IlI) 

The hyperfme splitting constants of the radical (III) should 
differ from those of (I) only in the fact that the spin density 
is lower in (IlI). Figure 2 shows component spectra belong- 
ing to radicals (I), (II) and (III) and their sum which gives 
the experimental spectrum observed at -70°C. The com- 
ponent spectra were constructed on the assumption that 
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Figure2 Component spectra of radicals: A, (I); B, (11); C, (111). 
Used for simulating the experimental spectra trapped in the mecha- 
nically degraded poly(vinylene carbonate). D, the total e.s.r. 
spectrum; . . . . . .  the theoretical spectrum; . . . . .  , the 
experimental spectrum 
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Table I Hyperf ine spl i t t ing constants o f  radicals (I), (11) and (111) 

~Hs/2 
Radical a~/(mT) a~/(mT) at - 7 0 ° C  (mT) 

(I) 1.96 3.34 1.16 
(11) 3.2 1.16 
(111) 1.25 1 .75 1.16 
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Figure 3 Time and temperature dependences of the concentration 
of free radicals: [3 radical (I); O, radical (11); Z~, radical (111) 

the shape of the line is Gaussian; Table 1 contains hyperfine 
splitting constants and linewidths. 

The different rate constants for radical decay cause con- 
siderable changes in the shape of the total spectrum during 
their decay (Figure 1) and this enables the individual types 
of radicals to be identified. For comparison purposes, the 
e.s.r, spectra of radicals trapped on v-irradiation of 
poly(vinylene carbonate) were also measured. The analysis 

of the spectrum (-70°C) shows that it consists of  the same 
component spectra of radicals as in the degraded polymer, 
but in a different ratio. Moreover, a singlet spectrum cor- 
responding to an oxy-radical occurs and the total spectrum 
becomes asymmetrical. 

Figure 3 presents stepwise decay of the individual radi- 
cals. As is evident from Figures I and 3, the resulting radi- 
cal is still stable at -50°C (at these temperatures the total 
spectrum changes only slightly). From -30°C, its concen- 
tration rapidly decreases and this radical exerts practically 
no effect on the total spectrum at +70°C. The concentration 
of alkyl radical (II) decreases over this temperature interval 
but not so much as that of the radical (I). In contrast, radi- 
cal (III) is stable. It begins to decay at +50°C and this sup- 
ports our assumption that it is an allyl radical. At 70°C the 
total spectrum changes markedly (Figure 1). It becomes 
asymmetrical and a new type of the radical is formed, the 
spectrum of which has a different g factor. Although we did 
not succeed in identifying this radical, it is probable that it 
will be a radical stabilized by one or more double bonds be- 
cause it is more stable than the radicals (I), (II) and (III). 
In addition, it follows from the asymmetry of the total spec- 
trum that it should be an oxygen centred radical formed 
by decomposition of the carbonate ring. 

Figure 3 shows that the radicals (I) and (II) decay step- 
wise, a property that has been observed by many authors 8'9. 
It results from the fact that at a given temperature only a 
certain fraction of radicals is involved in the reaction. Accor- 
ding to Lebedev and Burshtein 9, who studied chemical re- 
actions in molecular solids on the basis of the 'free volume 
model', stepwise decay occurs always when the main source 
of the change of E is the variation of the local properties. 
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