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ABSTRACT: The ESR spectra of poly(2,6-dimethylphenylene oxide) (PPO) were 
recorded before and after irradiation both in the solid state and in solution. The PPO 
powder sample gave an apparent eight-line spectrum with a separation of about 5.5 
gauss, which is due to substituted phenoxy radical (1). 

Signal intensity increased after irradiation at room temperature. Irradiation at -196°C 
gave an apparent singlet spectrum with some shoulders. 

When a benzene solution of PPO was irradiated at room temperature in the presence 
of air, there was observed at an earlier stage an apparent seven-line spectrum with a 
coupling constant of 5.60 gauss, and after a longer time of irradiation a multi-component 
spectrum. Both spectra could be attributed to the free radical (1). On the other hand, 
irradiation in the presence of nitrogen or under vacuum gave only the multi-com
ponent spectrum. 

In all cases, the signal intensity was larger in the presence of air than under 
vacuum or in the presence of nitrogen. 

ESR spectra observed at higher temperature showed line width alternation. 
The mechanism of radical formation and the possible reactions during irradiation 

are discussed. 
KEY WORDS Electron Spin Resonance I Poly(2,6-dimethyl-

phenylene oxide) I Phenoxy Radicals 1 Ultraviolet Irradi
ation I Oxygen Effect I Line Width Alternation I 

We are now carrying out a series of ESR 
studies on UV irradiated polymers, and have 
already reported the results on polyethylene, l-s 

polypropylene7- 9 and poly 3,3 bis(chloromethyl) 
oxetane. 10 •11 In this paper we want to report 
the results on poly(2,6-dimethylphenylene oxide) 
(PPO), which is known as one of the engineer
ing plastics. This polymer can be obtained by 
the oxidative coupling of 2,6-xylenol. 

Synthesis of this polymer was reviewed by Hay. 12 

Huysmans, et al., 13 reported that this polymer 
produces substituted phenoxy radicals (I) after 
oxidation by lead dioxide and 

* This paper was read at lOth ESR Symposium, 
Osaka (1971) and preliminarily reported in Rept. 
Progr. Polym. Phys., Japan, 15, 573 (1972). 
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that the same radicals were observed during the 
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polymerization of 2,6-dimethylphenol with lead 
dioxide. Kelleher, et al., 14 reported that photo
lysis of PPO in air gave an ESR spectrum with 
a g value of 2.0065 which is in good agreement 
with that for phenoxy type radicals. Very re
cently Symons, et al./5 also reported ESR spectra 
of this polymer irradiated with ultraviolet light 
and high energy radiation. According to them, 
photolysis of this polymer in benzene solution 
produces the substituted phenoxy radical (I) and 
the coupling constants for the protons of the 
two methyl groups were unequal. This inequi
valence of the coupling constants of two methyl 
groups was also reported by Huysmans, et al., 13 
for the free radical (I) observed in the case of 
oxidation of the polymer. This inequivalence 
is caused by hindered rotation about the bridg
ing 0-C bonds, and results in the preferred 
asymmetric conformations. In this investigation 
an acceleration of radical formation was found 
in the presence of air, and we want to discuss 
the mechanism of radical formation from a de
tailed study of the wavelength dependence of 
radical formation. 

EXPERIMENTAL 

The purified polymer sample was dissolved in 
chloroform, benzene, xylene, or styrene. Photo
lysis in the ESR cavity was carried out at room 
temperature or higher with a Xe short arc lamp 
or a super-high pressure mercury lamp. The 
apparatus has already been described.1•3 A series 
of cut-off glass filters (Toshiba color glass filters) 
were applied for the examination of wavelength 
dependence of radical formation. ESR spectra 
were recorded with an X-band spectrometer with 
a 100 kc field modulation (Japan Electron Optics 
Lab. Co., model JES, 3BS-X) during and after 
irradiation. Absorption spectra were also record
ed with chloroform solution using a Perkin 
Elmer 450 Spectrophotometer. The simulation 
of the ESR spectrum was carried out by using 
a spectrum accumulator (Japan Electron Optics 
Lab. Co., Ltd. model JRA-1). 

RESULTS 

Absorption Spectrum of Poly(2,6-dimethylphenyl
ene oxide) 
When PPO was dissolved in chloroform or 
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Figure 1. Absorption spectra of PPO in chloro
form. 

benzene, the solution was slightly yellow, and 
the absorption spectrum was as shown in Figure 
1. The absorption begins at about 600 nm. Since 
phenoxy radicals were reported to show absorp
tion over the visible region/6 ' 17 this absorption 
can be thought to be due to the substituted 
phenoxy radicals which were detected by ESR 
in untreated PPO samples and their benzene 
solutions. These ESR results will be discussed 
in the next section. 

Some absorption was also observed at about 
330 nm. This absorption might be due to alde
hyde groups on the benzene ring such as in 
structure (II), which can be produced by the 
oxidation of PPO. In fact benzaldehyde shows 
an absorption 

o, 
CH 

/ 
(II) 

-"CHa 

at about 328 nm. Infrared spectrum of our PPO 
also supports this identification, that is, infrared 
bands were observed at 1700 (C=O) and 2750 
cm-1 (-C=0).1s-2o 

I 
H 

ESR Spectra of Poly(2,6-dimethylphenylene oxide) 
Irradiated with Ultraviolet Light 
Solid Polymer. Unirradiated solid polymer 

gave the ESR signal shown in Figure 2. It is 
an apparent eight-line spectrum with a separation 
of about 5.5 gauss at g=2.005. This spectrum 
has been identified as due to substituted phenoxy 
radicals (I) on the basis of ESR measurements 
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at X, S, and Q bands. 15 It was shown that g 
anisotropy was quite large, YJ. =2.002, g 11 =2.006. 15 

These phenoxy radicals would have been pro
duced by autoxidation of polymers or during 
polymerization as propagating ends. 12 

++ 
Mn 

Figure 2. ESR spectra of PPO powder sample 
observed at room temperature in the presence of 
air before (dotted line) and after ultraviolet irradi
ation for 35 min (solid line). The separation be
tween two Mn++ peaks is 86.7 gauss. 

++ 
Mn 

Figure 3. ESR spectra of PPO block sample under 
vacuum (solid line) and after introduction of air 
(dotted line). 
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Figure 4. Increase of signal intensity of PPO block 
sample after introduction of air. 

Polymer J., Vol. 4, No. 6, 1973 

When the sample was evacuated, the signal 
intensity decreased to some extent. The sub
sequent introduction of air made the signal in
tensity larger as shown in Figures 3 and 4. At 
the same time, the spectral shape changed to 
some extent. Although the detailed mechanism 
is not known, a possible explanation for this 
strange behavior might be a change of relaxation 
time on the introduction of air or adsorption of 
oxygen. 

At room temperature, both in vacuo and in 
the presence of air, when samples were irradiated 
in the sample cavity by using an unfiltered Xe 
short arc lamp, the signal intensity of the phenoxy 
radicals increased as shown in Figure 2. 

++ 
Mn 

(a) 

(b) 

Figure 5. ESR spectra of a PPO powder sample 
irradiated at -196°C under vacuum: (a) before 
irradiation, G= 1000; (b) after irradiation for 25 
min, G=710; (c) overnight after introduction of 
air at -196°C. An arrow shows a hump at g= 

2.032. G represents an amplifier gain setting. 
The separation between two Mn++ peaks is 86.7 
gauss. 
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(a) 

(b) 

(c) 

Figure 6. ESR spectra of PPO powder sample 
irradiated at -196°C in the presence of air: (a) 
before irradiation; (b) after irradiation for 24 min, 
an arrow mark shows a hump at g=2.032; (c) after 
keeping the irradiated sample at -78°C for about 
3 hr. The separation between two Mn++ peaks is 
86.7 gauss. 

The irradiation effect at -196°C under vacuum 
is shown in Figure 5. When the solid sample 
was irradiated at -196°C under vacuum for 
25 min, the spectrum became a relatively narrow 
singlet spectrum with some shoulders as shown 
in Figure 5b. The apparent g value is 2.004. 
No ESR spectrum due to hydrogen atoms was 
observed. The sample was subsequently main
tained at -196°C overnight after introducing 
air and the spectrum shown in Figure 5c was 
obtained. This spectrum has a hump at g= 
2.032 (arrow mark), which was also observed 
after irradiation of the sample in the presence 
of air as shown in Figure 6(b) but the hump 
decayed away when the sample was maintained 
at -78°C for 3 hr as shown in Figure 6c. This 
hump is a part of the spectrum due to the 
peroxy radicals as described later. 
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Figure 7. Dependence of signal intensity on ir
radiation time (PPO powder): -0-, room temper
ature, in air; -6-, room temperature, under 
vacuum; -e-, -196°C, in air; -A.-, -196°C, 
under vacuum. 

Intensity changes are shown in Figure 7 for 
the sample irradiated under vacuum and in the 
presence of air, at room temperature and at 
-196°C. It is clear that the increase in intensity 
is larger in the presence of air than under vacu
um. However a heating effect during irradiation 
must be taken into consideration to some extent. 
The heating effect was clearly demonstrated by 
the intensity change observed when the irradiat
ing light was turned on and off. 3 

It should be mentioned here that 2,6 xylenol 
did not give any ESR signal even after irradi
ation. 

Benzene Solution. When a high concentration 
of PPO was dissolved in benzene, a seven-line 
spectrum with a coupling constant of about 5.60 
gauss was observed. The g value is about 2.005. 

A benzene solution of the polymer (2 g poly
merjl cc benzene), which gave a negligible 
spectrum, was placed in the ESR cavity at room 
temperature and, in the presence of air, irradi
ated with the unfiltered light from the Xe short 
arc lamp. The yellow color was deepened by 
irradiation. The ESR spectrum recorded during 
irradiation for 2 min was a clear seven-line 
spectrum with a separation of about 5.60 gauss, 
and no observable substructures, Figure 8A. The 
intensity ratio is about 1 : 6: 15: 20: 15: 6: 1, 
which is expected from six equal protons. This 
spectrum can be attributed readily to phenoxy 
radical (I). As is shown in Figure 8B, however, 
the spectrum after a 9 min irradiation showed 
some substructure. The detailed hyperfine 
structures were resolved, as shown in Figure 9, 
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A 

++ 
Mn 

8 

Figure 8. ESR spectra of PPO in benzene (2 g/cc) irradiated at room 
temperature in the presence of air: A, after irradiation for 2 min; B, after 
irradiation for 9 min. 

Figure 9. ESR spectrum of PPO in benzene 
(43 mg/cc) irradiated at room temperature for a 
relatively longer time; aMe(I)=5.13, aMe(II)=6.20, 
aH(m)= 1.14 gauss. 

Figure 10. Simulated spectrum of poly(2,6-dimethyl 
phenoxy)radical;aMe(l)=5.13, aMe(II)=6.20, aH(m)= 
1.14 gauss; line width=0.6 gauss. 

when the spectrum was recorded with a slow 
sweep rate and with a smaller modulation ampli
tude (0.5 gauss). This spectrum was similar to 

Polymer J., Vol. 4, No. 6, 1973 

that reported by Waters, et al., 13 and Symons, 
et al./5 Therefore, this spectrum is attributed 
to phenoxy radical (1). The coupling constants 
obtained from our spectrum were aMe(l)=5.13 
gauss, aMe(II)=6.20 gauss and aH(meta)=l.14 
gauss. These values are very close to the values 
reported in the literatures. 13 ' 15 The simulated spec
trum shown in Figure 10 is almost identical with 
the observed spectrum. It should be pointed out 
here that irradiation in a nitrogen atmosphere 
gives the ESR spectrum with substructures as 
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Figure 11. Dependence of signal intensity on ir
radiation time (PPO in benzene 50 mgjcc): -0-, 
in the presence of air; -/:,-, under vacuum 
or in the presence of nitrogen. 
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in Figure 8B immediately after irradiation. 
The dependence of radical concentration on 

irradiation time is shown in Figure 11. In the 
presence of air, radical concentration increased 
rapidly at the beginning of the irradiation but 
gradually decreased from the maximum value 
with longer times of irradiation. When the ir
radiation light was cut off, the radical concent
ration dropped to a lower value at once. This 
decay was found to be neither a simple second 
order nor first order reaction. Subsequent ir
radiation caused a sudden increase of radical 
concentration similarly to the first irradiation. 
The maximum concentration in the second ir
radiation, however, was smaller than that in 
the first irradiation. The change of radical con
centration observed after this irradiation was 
almost analogous to that observed after the first 
irradiation. Furthermore, the rate of radical 
formation was found to be proportional to the 
incident light intensity. 

On the other hand, after irradiation in either 
an evacuated sample or in the presence of N2 , 

the increase of radical concentration was very 
small compared with the value in the presence 
of air. Changes in radical concentration during 
irradiation were similar to those in the presence 
of air. These samples, however, gave larger 
radical yield when they were irradiated after 
introduction of air. On the other hand, when 
the solution was saturated with oxygen, no ESR 
signal was observed after irradiation. This may 
be caused by broadening of the line width due 
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Figure 12. Dependence of signal intensity on ir
radiation time for various PPO concentration (PPO 
in CHCls): /::;., 0.0238 gjcc; O, 0.0402 g/cc; x, 
0.0768 g/cc; Q, 0.1833 g/cc; •· 0.2663 g/cc. 
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to the paramagnetic effect of oxygen. Therefore, 
subsequent bubbling of nitrogen gas through 
the irradiated solution caused appearance of the 
ESR signal. 

Figure 12 shows the dependence of radical 
concentration on irradiation time when chloro
form was used as the solvent instead of benzene. 
In this case the radical concentration simply 
decreased after irradiation for 1 min. Therefore 
the maximum is expected to be reached im
mediately after irradiation. The dependence of 
radical concentration on polymer concentration 
is shown in Figure 13, where radical concent
ration was taken from the value at an irradiation 
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Figure 13. Concentration dependence of signal 
intensity after 1.5-min irradiation of PPO in 
CHCis. 
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Figure 14. Wavelength dependence of signal in
tensity after 45-sec irradiation for PPO in CHCh 
5 mgjcc, irradiated in the presence of air. 

Polymer J., Vol. 4, No. 6, 1973 



ESR Study of Poly(2,6-dimethylphenylene oxide) 

time of 1.5 min. It is evident from Figure 13 
that radical concentration increases with polymer 
concentration. 

The dependence of radical concentration on 
the wavelength of irradiation light is shown in 
Figure 14. Radical concentration was taken 
from the value at an irradiation time of 45 sec. 
The radical concentration decreased with an in
crease in wavelength. However, free radicals 
were produced even after irradiation at the 
wavelength longer than 460 urn. 

ESR spectra were not observed under the same 
experimental conditions for benzene solution of 
2,6 xylenol. 

When styrene was used as a solvent for the 
polymer, the same ESR spectrum was observed 
as in benzene. 

When a benzene solution of PPO was gradually 
warmed to about 80°C, the signal intensity in
creased as shown in Figure 15. Ultraviolet ir-
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Figure 15. Temperature dependence of signal in
tensity of PPO in benzene (0.2912 g/5 cc). 

radiation caused a further increase of signal 
intensity. ESR spectra observed at higher temper
ature were quite different from that observed at 
room temperature as shown in Figure 16. 
As is obvious from this figure, line width alter
nation was clearly observed at 100°C, and at 
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(a) 

(c) 

Figure 16. Temperature dependence of ESR spec
trum of PPO in xylene: (a) 60°C; (b) 100°C; 
(c) 150°C. 

150°C the spectrum which was observed is that 
expected from an almost equal coupling of the 
protons of two methyl groups. The coupling 
constant of the six methyl protons and the two 
m-protons are about 5.63 and 1.23 gauss, re
spectively. This coupling constant of the methyl 
protons is very close to an average of the two 
unequal coupling constants obtained at room 
temperature. These phenomena can be interpreted 
by the fact that the rotation frequency about 
the bridging C-0 bonds becomes greater at 
higher temperature. The detailed discussion will 
be published in the near future. 

DISCUSSIONS 

Identification of Free Radicals 
The apparent eight-line spectrum observed for 

the solid sample of PPO has been identified as 
due to substituted phenoxy radical (I) by Symons, 
et al. 15 
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The solid PPO irradiated at -196°C under 
vacuum gave an apparent singlet spectrum with 
faint substructures. The g value of this spectrum 
(g=2.004) may indicate that this spectrum is 
mainly due to the phenoxy radicals, but some 
other spectrum must be superimposed, as peroxy 
radicals appeared after the introduction of air 
at -196°C. Phenyl radicals and alkoxy radicals 
might be involved as described below. 

When the solid PPO was irradiated at -196°C 
in the presence of air, a hump was observed at 

besides the central absorption at g= 
2.004. This hump can reasonably be attributed 
to a part of the spectrum due to peroxy radicals 
from both the g value and the fact that this 
hump was not observed in the sample irradiated 
in vacuo but appeared after maintaining the 
sample overnight at -196°C in the presence of 
air. 

On the other hand the seven-line spectrum 
with a coupling constant of 5.60 gauss observed 
immediately after irradiation of the benzene 
solution of PPO in the presence of air may be attri
buted to the substituted phenoxy radical (1), as 
described before simply on the assumption that the 
coupling constants of six protons of two methyl 
groups are identical. The free radical (I), how
ever, is expected to give different coupling 
constants for protons of the two methyl groups, 
since such coupling constants were obtained from 
the ESR spectra due to the free radical (I) ob
served during polymerization13 and the radical 
produced by ultraviolet irradiation of the poly
mer in benzene solution in the presence of 
nitrogen. Consequently, the apparent seven-line 
spectrum can reasonably be caused by the line 
broadening effect of oxygen on the well-resolved 
spectrum of the free radical (1). If this interpre
tation is correct, the oxygen concentration be
came smaller in the later stage of irradiation, 
as the well-resolved spectrum was observed after 
a longer time of irradiation even in the presence 

of air. This mechanism will be discussed in 
the later section. 

The coupling constants at room temperature 
for each methyl protons of the free radical (I) 
are 5.13 and 6.20 gauss. This is interpreted as 
a hindered rotation about the bridging 0-C 
bonds and a preferred conformation rendering 
the radical asymmetric. 15 Inequivalence of two 
methyl groups on the 2 and 6 positions of the 
phenyl ring has been found also in an ENDOR 
studl1 and it resulted from a steric interaction 
which changed the spin densities in the ring. 
As described earlier, however, the coupling 
constants of the two methyl protons became 
equal at higher temperature on account of fast 
rotation. 

Mechanism of Radical Formation 
From the molecular structure of PPO, absorp

tion in the visible region can not be expected. 
Therefore the absorption in the visible region 
observed in the present investigation should be 
attributed to some other species. The most pro
bable species responsible for this absorption is 
substituted phenoxy radical (I) which was detect
ed by ESR spectroscopy and whose absorption 
spreads over the visible region. 16 ' 17 The deepen
ing of the yellow color after irradiation supports 
this identification. 

In the ultraviolet region, an absorption due to 
rr-rr* transition of benzene ring was observed. 

Because the concentration of substituted pheno
xy radicals increased after irradiation at wave
length longer than 400 nm, it seems reasonable 
to assume that the light energy absorbed by 
substituted phenoxy radical (I) is effective for 
radical formation when irradiations are carried 
out with light of longer wavelength. 

Therefore the probable mechanism for the 
observed increase of phenoxy radical concent
ration after irradiation with visible light is as 
follows: 

/CHa /CHa /CHa 

-o-\:)-o--\:)-o· -o-\:)-o· (la) 

""-cHa ""-CHa ""-cHa 
/CHa /CHa /CHa 

·<:>-0 · + -0-<:>-0H -----> <:>-0 · + 
""-cHa ""-cHa ""-cHa 

(lb) 
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Among these schemes, the reactions (la) and 
(lb) are thought to be predominant reactions for 
increase of phenoxy radical concentration. 

In the case of ultraviolet irradiation of phenol, 
phenoxy radical formation has been reported 
for several cases in rigid matrixes, where dis
sociation of 0-H bond takes place through the 
excited state of phenol.22- 26 

hv 
ArOH--> ArO· + H· ( 3) 

This mechanism may also be operative in the 
present case, where hydrogen atoms recombine 

with each other. However no radicals were 
observed after irradiation of 2,6-xylenol under 
the same experimental conditions. This may 
indicate that, in the polymer, the C-0 bond 
scission is more effective than 0-H bond scission, 
although an efficient transfer of excitation energy 
through polymer chains is assumed for the re
action (3) by Symons, et al. 15 Therefore, the 
radical formation mechanism for ultraviolet ir
radiation of the polymer can be described as 
follows: besides the reactions (la) and (lb), 

(4a) 

(4b) 

(4c) 

Instead of reaction (4a), the following reaction radicals may also be produced. 
(5) may take place and 3,5-disubstituted phenoxy 

Polymer J., Vol. 4, No. 6, 1973 

hv 
( 5) 
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These phenoxy radicals, however, are expected 
to be unstable since they have no substituents 
on the 2 and 6 positions to stabilize the phenoxy 
radicals. Therefore, even though they are pro
duced, they will decay away by recombination 
in a short time especially in the liquid state. 

In the case of photolysis of solid PPO in air 
at -196°C, peroxy radicals were observed. Since 
phenoxy radicals are not expected to react with 
oxygen molecules so readily, it seems plausible 
that peroxy radicals are produced by the reaction 
of oxygen with phenyl type radicals produced 
by the reaction (4a). In the case of irradiation 
at -196°C under vacuum, phenyl type radicals 
were supposed to be trapped from the fact that 
the hump due to peroxy radical spectrum ap
peared after introduction of air at -196°C. 

Kelleher, et a!., 4 suggested the possibility of 
photolysis of hydroperoxides contained in the 
polymer besides the reaction (4a). The alkoxy 
radicals thus produced might partly be responsi
ble for the singlet spectrum (g=2.0049 ) observed 
after photolysis of solid PPO at -196°C. 

PPO contains aldehyde groups on the side 
chain as mentioned before. However, the g 
value of the observed spectrum was g=2.004, 
so these groups do not seem to contribute to 
radical formation to a large extent as no benzoyl 
type radicals singlet)27 were observed 
even after irradiation at -196°C. 

Effect of Oxygen on Photo-Induced Radical 
Formation 
The acceleration of radical formation in the 

presence of air observed in this investigation 
could be attributed to the following reasons: 

a) the formation of charge transfer complexes 
between PPO and oxygen molecules, with the 
complexes participating in energy absorption, or 

b) the contribution of singlet oxygen to radi
cal formation. 

Formation of charge transfer complexes be
tween PPO and oxygen molecules can readily 
be supposed since benzene,28 ether, 28 •29 even poly
ethylene, 2'8 polypropylene8 and poly 3,3 bis
(chloromethyl) oxetane8 ' 11 form charge transfer 
complexes with oxygen. These charge transfer 
complexes are known to show an absorption in 
the ultraviolet region. 8 ' 28- 30 In the case of latter 
three polymers, radical yield after ultraviolet 
irradiation was found to be greater in oxygen 
atmosphere than in nitrogen atmosphere. This 
was attributed to the extra absorption of light 
energy by the charge transfer complexes. If the 
same mechanism is applicable to PPO, the gre
ater radical yield in air could be explained. 
However, detection of the absorption due to 
the charge transfer complexes was frustrated by 
experimental difficulty. 

On the other hand, singlet oxygen molecules 
can be produced by energy transfer from excited 
benzene rings. 31 The important role of singlet 
oxygen in photosensitized oxidation was pointed 
out by Kautsky, et al., 32- 34 The reaction (3) 
may be facilitated in the presence of singlet 
oxygen as follows, 

/CHs 

+ 102* ____. -o-\::>-o. + H02· 

"'-CBs 

A similar mechanism has already been postulated 
for the photooxidation reaction. 35 Although the 
contribution of singlet oxygen to phenoxy radi
cal formation is only speculative, it is also re
ported36 that phenoxy radicals can be produced 
by using a sensitizer in the presence of oxygen. 

Reactions of Phenoxy Radicals during Irradiation 
The photolysis of PPO solution in the presence 

of air gave two different ESR spectra due to 
the substituted phenoxy radical (I). At the be
ginning of photolysis the ESR spectrum observed 

598 

was an apparent seven-line spectrum with the 
separation of about 5.60 gauss. This spectrum 
could be attributed to the line broadening of 
the well-resolved ESR spectrum, since the well
resolved ESR spectrum was observed, in the ni
trogen atmosphere. The coupling constant, 5.60 

gauss, is almost equal to an average of the 
proton coupling constants for two unequivalent 
methyl groups (5.13 and 6.20 gauss). Longer 
times of irradiation even in the presence of air, 
however, gave the well-resolved ESR spectrum 
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as shown in Figure 8B. This sample was mixed 
again to make the sample uniform and then 
reirradiated. A seven-line spectrum was observed 
initially after subsequent irradiation. From these 
results it can be supposed that oxygen concent
ration around the phenoxy radicals decreased 

0 0 

after longer irradiation times. This can be caused 
by the reaction of phenoxy radicals with oxygen 
molecules to form peroxides, as the concentration 
of the phenoxy radicals was large and the 
phenoxy radicals are known to form peroxides 
as follows, 37 

0 0 0 
Rl I R2 R 1 II R 2 R 1 II R? Rl II R2 R2 II Rl 
"'-A/ "'-A/ "'-A/ 

II I + 02 -----> II II II II or (6) 
y 
R3 

v v 
R3 R3 

v v 
I I R3 R3 

The signal intensity increased as the temper
ature of the benzene solution of PPO was raised. 
This fact might be caused by the reverse reaction 
of eq 6, the thermal decomposition of the per
oxides contained in the polymer, 37 or by the 
thermal dissociation of dimer forms of the 
phenoxy radicals. 

Radical Growth Curve 
When benzene solution of PPO was photolized, 

radical concentration increased quickly, reached 
the maximum and then decreased. This phenom
enon indicates that the phenoxy radicals decayed 
when their concentration became large. Possible 
mechanisms responsible for this behavior may 
be the following: 

1) Photo-induced radical decomposition, 
2) Decay of phenoxy radicals by themselves. 
Photolysis of phenoxy radicals trapped in a 

nitrogen matrix have been studied. 24 It was 
found that absorption of light quanta by pheno
xy radicals breakes the bond between the 1 and 
2 ring carbon atoms to produce an excited ring
opening radical. Therefore the substituted pheno
xy radical studied here would be decomposed 
by a similar mechanism during irradiation. 

When the irradiating light was shut off, the 
signal intensity due to the substituted phenoxy 
radicals dropped, although the decay rate is 
neither first order nor second order. This in
dicates that phenoxy radicals also decay by 
themselves during irradiation. This does not 
seem to be a simple bimolecular recombination. 

Stability of Phenoxy Radicals 
When chloroform was used as a solvent, the 

maximum in radical concentration was not ob
served, only a decreasing concentration after 
irradiation for 1 min. It can be supposed that 
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the maximum concentration is reached within 
1 min, and that the phenoxy radicals are less 
stable in chloroform than in benzene. 

In styrene, radical formation was almost the 
same as in benzene. In this system, thermal 
polymerization of styrene was retarded. This 
is due to the fact that phenoxy radicals act as 
an inhibitor of polymerization. 38 
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