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linear and characteristic relationship for each family of
compounds, although Hatada® reported only one general
linear correlation between these parameters for a whole set
of vinyl compounds including styrenes. In spite of the well
known13 poor sensitivity of the 6(C,) toward the influence of
substituents, the plot of 6(C,) vs. e (Figure 2) also indicates
a similar trend.

The e values are linearly correlated with Hammett’s con-
stants ¢;10 moreover, it is reported that the relationship be-
tween 13C chemical shifts and ¢ values is also linear.!! It is
consequently expected that 6(C) and e values will be corre-
lated by a linear relationship, as demonstrated by the em-
pirical observations.

In our plot (Figure 1), line I correlates 6(Cg) and e values for
aliphatic vinyl monomers (22 ppm per e-value unit, the same
slope as in Hatada’s relationship) and line II correlates 6(Cg)
and e values for substituted styrenes (3.5 ppm per e value
unit). In Figure 2, the slopes of lines I’ and II” are respectively
12.5 and 1.25 ppm per e-value unit, confirming the lower
sensitivity of 6(C,) toward the substituents effects. (In fact,
the points corresponding to vinyl aliphatic compounds give
a poorer linear fit.)

Apparently, the delocalization of inductive and mesomeric
effects of the substituents, in the conjugated system formed
by the aromatic ring, overshadows their influence on the vinyl
group.

If the literature is unanimous!2 in stressing the interde-
pendence of the Alfrey-Price’s e parameter and the polarity
of the vinyl bond (induced by the substituent), the weak slope
of the 8(C,) or 6(Cg) vs. e relationship for substituted styrenes
could even raise the question whether there is any correlation
in this case. Further work to be published will confirm its
existence.

In conclusion, the linearity of the different relationships
obtained for these two families of vinyl monomers demon-
strates the usefulness of 13C NMR spectroscopy as a single and
direct tool to estimate the relative reactivity of various vinyl
compounds, by using the equations:

8(Cg)(ppm/Me,Si) — 113.5
22

8(Cp) (ppm/Me,Si) — 115.5
3.5

e(vinyl X) =

e(styrene X) =

where slopes (22 and 3.5) and intercepts (113.5 and 115.5) have
been determined by a least-squares technique. Obviously, the
method is more useful for aliphatic monomers, since the small
slope of the styrene line precludes any precise graphical de-
termination of e.
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Importance of Intermolecular Biradical Reactions in
Polymer Photochemistry. Poly(phenyl vinyl ketone)

The chemistry of the biradicals generated in the Norrish
type II reaction has received considerable attention during
the last few years.1-® Reaction 1 illustrates the mechanism in
the case of phenyl alkyl ketones, where the reaction usually
occurs solely from the triplet manifold.?

The first report on the trapping of B originated in Wagner’s
laboratory and recognized the possible relevance of the results
in polymer chemistry.! Three years later, we were able to show
that type II biradicals initiate the polymerization of methyl
methacrylate quite efficiently.6 More recently we have pointed
out that intermolecular reactions of type II biradicals in
polymers could be expected to be of importance.1° While the
intermediacy of biradicals in the photochemistry of polymers
containing carbonyl groups is widely accepted,’!1-15 the
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possibility of their undergomg intermolecular reactions has
not been given serious consideration. Reaction 2 illustrates
the mechanism of photodegradation of poly(phenyl vinyl
ketone), PPVK. The quantum yields of reaction 2 are lower
than one,!5 suggesting that a considerable fraction of biradi-
cals (By) revert to the parent PPVK.
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In this communication we report the results of a series of
biradical trapping experiments. The details of the measure-
ments, in particular those demonstrating that we are exam-
ining biradical processes, are similar to those reported in
previous papers.3568 Each of the systems which we describe
quite briefly here is interesting by itself and we are currently
examining them in detail. However, our immediate aim is not
in rigorously detailing the molecular interactions involved in
each case, but rather, to demonstrate the necessity of re-
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Table I
Results from Biradical Trapping Experiments®
Substrate Result
None T="T6ns
S0; (0.025 M) {-r’ =28 ns?
NO (sat. with p ~ 39 Torr)¢ 7 =59 ns
t-BusNO kr=17.5X108M-1s-1
(o2} kr=1X109M-1g"1
t-BugyCSe (0.02 M) &1 ~ 0.005

¢ In benzene at room temperature. Samples of PPVK were
prepared by v or UV irradiation of benzene solutions of phenyl
vinyl ketone, keeping conversions below 25%. The samples were
reprecipitated four times using methanol and finally freeze—dried.
The UV spectra was similar to that of simple phenyl alkyl ketones.
The sample used for these experiments had a molecular weight
of 1.3 X 105 based on viscosity measurements. ¢ This corresponds
to a rate of ~9 X 108 M~1 s~1, ¢ Partial pressure in equilibrium
with the solution.

Table I1
Relative Rates of Propagation in the Polymerization of
Methyl Methacrylate
Initiator® Rate e
None 0.26
Acetophenone 0.21 3000
Valerophenone 0.43 7
v-Methylvalerophenone (1.0)¢ 2
PPVK 0.80 ~104

@ Samples of matched absorbance at 350 nm, with the exception
of monomer alone. Irradiated using Rayonet RPR-3500 lamps.
b Triplet lifetimes in benzene from ref 6, 12, and 14, in nanosec-
onds, ¢ Taken as a reference. ¢ Values of 7 and 17 ns have been
reported.12:14

garding the biradicals generated in the photodegradation of
polymers as highly reactive species, capable of undergoing
intermolecular reactions.

We have used three different approaches to examine the
intermolecular reactivity of Bp: laser photolysis, quantum
yield studies, and initiation of polymerization. In the laser
photolysis experiments the absorbance due to B, was moni-
tored directly at 415 nm using the same techniques as de-
scribed previously.!€ The spectrum of By is very similar to that
observed for small aromatic ketones® and agrees well with that
reported by Faure et al.” The decay is first order and gives =
= 76 ns in benzene at room temperature. The addition of
oxygen, nitric oxide, sulfur dioxide or di-tert-butyl nitroxide
to the solution causes an increase in the rate of biradical decay,
and under these conditions the new lifetimes (/) are deter-
mined by eq 38

1/7 = (1/7) + kp[T)] (3)

where kT is the rate of interaction with the substrate T. In

addition, we usually observe a moderate decrease of the -

“end-of-pulse” absorption due to the biradical, which reflects
quenching of the precursor, i.e., the triplet state. Triplet
quenching affects the yield of biradical formation, but not
their lifetime. A summary of the results is given in Table I. The
rate of reaction for oxygen is significantly slower than for small
biradicals;® however, it is still an extremely fast process. It
should be noted that the interaction with T does not neces-
sarily imply the efficient formation of a new product. In par-
ticular, in the case of paramagnetic species this interaction can
be expected to result, at least partially, in assisted intersystem
crossing and an increase in the yields of fragmentation.3.17
The biradicals from PPVK initiate the polymerization of
methyl methacrylate very efficiently. This is based on a series
of studies similar to those described in a previous report,®
where the evidence centers around the observation that the
initiation is more efficient for the carbonyl compounds with
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the shorter triplet lifetimes (Table I1).1® The efficiency of
PPVK is intermediate between those of valerophenone and
v-methylvalerophenone.

Finally, the biradicals from PPVK can be trapped by di-
tert-butylselenoketone in‘experiments similar to those de-
scribed before for smaller biradicals;5 however, the yields are
considerably smaller. Presumably this reflects the fact that
access to the radical sites in polymers is rather difficult for a
large moleculelike the selenoketone, although a definite an-
swer to this question will require a detailed kinetic study.

Some of the molecules used in this study are not typical
components in polymer systems; however, their reactivity is
probably not exceptional. Our choice of substrates merely
reflects the simplicity of the measurements involved. Further,
oxygen and methyl methacrylate are indeed typical compo-
nents in polymer chemistry. We believe that intermolecular
biradical reactions are probably common in polymer chem-
istry; it is their detection, rather than their occurrence, that
is unusual. In fact, it is noteworthy that many polymer addi-
tives are chosen precisely because of their high reactivity
toward free radical centers; this property makes them obvious
candidates for biradical reactions. Processes of this type could
also be of importance in other polymers (e.g., polystyrene)
where carbonyl chromophores are frequently incorporated
during polymerization, processing, and purification.®

The preliminary results reported herein suggest that the
reaction of biradicals in polymers are somewhat slower than
in small molecules; however, it should be noted that the larger
biradical lifetime in the case of polymers tends to compensate,
at least partially, for this effect.
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