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Abstract

The reaction of camphorquinone (CQ) upon irradiation (>370 nm) and formation of camphoric anhydride and camphoric diacid have
been followed in aerated and deaerated polystyrene (PS), poly(methyl methacrylate) (PMMA), bisphenol A polycarbonate (PC), and
bisphenol A polysulfone (PSF) films using infrared spectroscopy. In deaerated PS the formation of reduction adducts analogous as in
toluene and/op-xylene solution was observed. Contrary to observations for the corresponding photo-oxidation of benzil in polymer films,
no diacyl peroxide was detected. The rate of CQ consumption does not show a marked dependence on the type of polymer matrix, the
bulk concentration of CQ, or the film thickness, but it does increase significantly with larger oxygen concentrations at larger light intensity
used. A decrease of PS molecular weight accompanies loss of CQ. The degree of polymer degradation was highest in an argon atmosphert
and lowest in an oxygen atmosphere.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction abstractable H-atoms, such as methanol or 2-propanoal,
mixtures of acyloins agndoe3-hydroxycamphor ) and

Camphorquinone (CQ), in the presence of H-atom donors ende2-hydroxyepicamphor4j, as well as various cam-

like amines, is known to be an effective photo-initiator phoric acid esters5j, are formed4]. In xylene, the only

for curing acrylate- and methacrylate-based dental restora-products obtained weré and camphoric diacid [7]. In

tive resins [1]. However, the specific mechanism of solvents lacking easily abstractable H-atoms, such as carbon

photo-initiation by CQ remains unclear despite the rather tetrachloride and-butyl alcohol, camphoric anhydridé)(

extensive studies of its photochemistry in the presenceis the main photoproduct and in benzene, the isomeric cam-

or absence of atmospheric oxygén-4]. Irradiations in phorolactonesq and9) are obtained in largest yield4].

oxygen-free solutions of benzene, carbon tetrachloride,

t-butyl alcohol, methanol, and acetone are reported to pro- "
duce no discer_nible loss of CQ while in toluenqaexylen_e, - 0 E(Coom
1:1 adducts with solvent moleculet énd2) are the major OH COOR;
OH 0
3 4 5

photoproduct$5—7].

O
o CHoAr COOH 0 0
O CHpAr (e} 0] COOH o)
(¢) @)
6 7 8 9

CcQ 1 2

Irradiations of CQ in the presence of molecular oxy- _ _ .
gen yield products whose structures depend on the spe- In benzene, the presumed intermediate, predicted to for-

cific nature of the solvent. When the solvent has easily Mation of lactones, is camphordiacyl peroxide)( formed
by reaction between CQ and molecular oxydéh Pre-

* Corresponding author. liminary attempts to prepar&? in solution have not been
E-mail addressupolluka@savba.sk (I. LE). successfu[4]. In previous work, we have determined that
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the corresponding peroxide of benzil, another 1,2-diketone, water-cooled Pyrex jacket and the glass filter 73087112 (Carl
is formed almost quantitatively upon irradiation in aerated Zeiss, Jena, Germany). The distance between the films and
glassy polymer films, but not in liquid solutiof8,9]. the lamp was 8 cm. In some experiments, primarily for ir-
The striking differences observed for the excited state radiations in molecular oxygen or argon atmospheres, more
reactions of CQ in solutions in the presence and ab- intense radiation from a medium-pressure mercury ars (
sence of molecular oxygen and our surprising results 400 nm)ina Spectram@tapparatus (Ivoclar A.G., Schaan,
with benzil have led us to investigate the photochemistry Liechtenstein) was used in combination with a UV CL SR
of CQ in glassy matrices consisting polystyrene (PS), HPR plastic film filter (LLumar, USA).
poly(methylmethacrylate) (PMMA), bisphenol A polycar- Polymer films were cast from benzene solutions (1 ml con-
bonate (PC), and bisphenol A polysulfone (PSF) films. taining 20 mg of polymer and 2 mg of CQ, except as noted
Irradiations atA. > 370 nm, to ensure initial excitation to  otherwise) on 5 cmx 4 cm glass plates. Polystyrene films
the n-r* singlet state, have been conducted in the presenceof various thicknesses were prepared by casting from ben-
and absence of molecular oxygen. zene solutions (1 ml containing 2 mg of CQ and 20, 40, 60,
80 or 100 mg PS) on.2cmx 4 cm glass plates. A polymer
film containing camphoric diacid was prepared by casting

2. Experimental from 1 ml of benzene and 0.3 ml of diethylether solution con-
) taining 20 mg of polystyrene and 1 mg of camphoric diacid.
2.1. Materials Plates were covered by a Petri dish to slow solvent evap-

oration. This procedure resulted in films with good optical

All solvents and hydrogen peroxide were analytical grade quality. Residual solvent was removed by drying films un-
and used without further purification. CQ (Aldrich), PS  der vacuum to constant weight at room temperature. The
(Vestyron N, Chemische Werke, Huls, Germany), PMMA  self-supporting polymer films containing CQ were mounted
(Chemicke Zavody, Zilina, Slovak Republic), PSF (Udel, in frames made of aluminum foil after being separated from
P-3500, Amoco Performance Products, USA), and PC the glass plates by dipping the assemblies into distilled water.

(Lexan, GE, USA) were used as received. Films irradiated in oxygen atmospheres were placed into
_ o glass tubes, evacuated at 13 Pa, filled with oxygen gas for
2.2. Preparation of camphoric diacid’f 2 min (three pump-fill cycles), and sealed. Films irradiated

under argon atmospheres were prepared in an analogous
To a mixture of 33mg (0.2mmol) of CQ and 180mg fashion.

(4.5mmol) of NaOH 1.5 ml of 30% kD, was added drop- For GC-MS analyses JMFD 100, JEOL spectrometer was
wise. After 5min, the solid CQ dissolved. The solution ysed. For analyses of low-molecular product in irradiated PS
was maintained at ambient temperature during 2 h and thenfilm containing CQ the films were dissolved in chloroform
poured into cold 5% aqueous NaOH, and extracted with di- and the PS was removed by filtration after precipitation with
ethyl ether. The aqueous layer was acidified with dilute HCI, methanol. The filtrate was concentrated under reduced pres-
extracted with diethyl ether, and the ether layer was dried, sure and the residue was dissolved in hexane and injected.
reduced to residue, and recrystallized from ether:chloroform  Emission spectra were recorded on a Perkin-Elmer MPF-4
to yield 34mg (85%) of white crystals, mp 189-1%  spectrofluorimeter at 470 nm excitation wavelengths. IR

([11] 189-19TC). IR (cnT1): 1701(s), 1602(m), 1377(M),  spectra were measured on a Nicolet 400 FT-IR spectrometer.
1247(w), 1275(w) and 1125(wW)0].

2.3. Preparation of camphoric anhydridé)( 3. Results and discussion

30% HO2 (4 ml) was added dropwise to a solution of 3.1. Irradiations in merry-go-round apparatus
19 (6.02mmol) of CQ in 6 ml of acetic acid. The solution
was allowed to stand until it became colorless (3h) and then  Decreases in absorbance of the dicarbonyl group of CQ
water was added. The precipitate was filtered, washed with(1773 and 1756 cmt) and increases in absorbances of
water, and dried to afford 0.74g (68%) of colorless nee- carbonyl groups of camphoric anhydridé) @t 1810 and
dles, mp 217-222C ([7] 221-223C). IR (cnT!): 1810(s), 1767 cn! and of camphoric diacid7j at 1701 crv? were
1767(m), 1126(m), 1040(m), 995(m), 982(m), 942(w) and monitored by FT-IR during irradiations in polymer ma-

566(w) [12]. trices in the presence of aiFigs. 1-4. Loss of CQ was
followed most conveniently during kinetic measurements
2.4. Irradiations and analytical procedures at 1756 cnml. The assignments of the absorptions bands in
infrared spectra are based on the spectra of independently
Aerated films were irradiatedr (> 370 nm) at ambi- prepared compounds doped in PS films at different ratios.

ent temperature in merry-go-round apparatus using outputOn this basis, thé:7 photoproduct ratios in PS at room
of a 125W medium-pressure mercury lamp placed in a temperature are estimated to be 3:2.



J. Mosrecek, |. Luki€/Journal of Photochemistry and Photobiology A: Chemistry 151 (2002) 95-104 97

06

0.5+

0.4

Absorbance
o
w
1

0.2

0.1

1850 1800 1750 1700 1650

Wavenumbers (cm™)

Fig. 1. FT-IR spectra of CQ in an aerated PS film (2mg CQ/20 mg PS) after irradiation in merry-go-round apparatus for the indicated periods.

After exposure of the irradiated film to temperature camphoric anhydride (MS: 183(2) (M- H), 138(43),
90°C during 2h, no change was observed by infrared 123(19), 110(13), 95(100), 83(42), 69(49), 55(34), 41(29)),
spectroscopy. Thus, it signifies that no thermally unstable was confirmed by comparison with the mass spectrum
eight-member ring camphordiacyl peroxide, which FT-IR of the independently prepared material. The highest
vibration maximavc=py would be expected to be in area mass fragment of the minor unidentified product was
about 1800 cm?, was present after irradiation. 341. Camphoric diacid was not detected by GC-MS

By GC-MS analyses, a 1.5 ratio of two low-molecular analysis. Reason is problem in its isolation from poly-
mass products is formed upon irradiation of aerated PSmer film. Camphoric diacid is insoluble in solvents like
films containing CQ. The identity of the major product, CHCIz, in which the polymers are soluble. Therefore,
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Fig. 2. FT-IR spectra of CQ in an aerated PSF film (2mg CQ/20 mg PSF) after irradiation in merry-go-round apparatus for the indicated periods.
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Fig. 3. FT-IR spectra of CQ in an aerated PMMA film (2mg CQ/20 mg PMMA) after irradiation in merry-go-round apparatus for the indicated periods.

FT-IR is more reliable method for estimating photoproducts in Table 1 the pseudo-rate constants for CQ consumption
ratio. are approximately the same in all of the polymer matrices
Films at 2mg CQ/20 mg polymer concentration in var- and change very slightly when the initial CQ concentration
ious film matrices were irradiated simultaneously in the is doubled. This indicates that in the presence of molecular
merry-go-round apparatus to provide an equal doses withoxygen, the composition of polymer does not influence CQ
time for all samples. In all cases, formation®&nd7 was consumption and photo-oxidation of CQ proceeds mainly.
observed figs. 1-4. Changes of I&VAg (whereA andAg The influence of CQ concentration (over a 10-fold range)
are the CQ absorbances at 1756¢rat time= ¢ and 0, re- on the rate of its consumption in PS films was followed
spectively) with time are plotted iRig. 5. As seen there and  also by maintaining the rate of photons absorbed constant.
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Fig. 4. FT-IR spectra of CQ in an aerated PC film (2mg CQ/20mg PC) after irradiation in merry-go-round apparatus for the indicated periods.
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Fig. 5. Plots of absorbance changes at 1756%cmpon irradiation of CQ-doped polymer films (2mg CQ/20 mg polymer) in a merry-go-round apparatus
for various periods: ) PSF; ) PMMA; (¥) PS; (J) PC.

Table 1
Concentration of molecular oxygen in the air equilibrated polymer matfi@gscorresponding coefficient of diffusiof8] and rate constants for CQ
consumption K) upon irradiation in aerated polymer films (20 mg per film)

Matrix [O2] (moldm~3) D (cmfs1) k (h™1)
2mg CQ per film 4mg CQ per film 4mg CQ per fifm
PMMA 0.29 x 1073 0.38 x 1077 0.150 0.159 2.58
PS 1.64x 1073 1.1x 1077 0.148 0.163 4.44
PSF 2.27x 1073 0.44 x 1077 0.131 0.119 2.52
PC 4.78x 1073 0.21x 107 0.151 0.187 6.12 2.4

2|rradiated in Spectram@t
b 0—5min of the irradiation.
¢ After 10 min of irradiation.

More dilute doped films were made correspondingly thicker concentration and thickness (as they pertain to the availabil-
(i.e. so that the “area” concentration of CQ was always ity of oxygen molecules during irradiations) of PS films do
2mg/10cnd and that of PS 20-100mg/10émso ab- not influence the rate of CQ consumption within the range
sorbances at the irradiation wavelengths were the same ainvestigated.

all concentrations). The films were irradiated simultane- Based on the results above, it is unlikely that aggrega-
ously in the merry-go-round apparatus and the rates of CQtion of CQ molecules (or lack thereof) or self-quenching
consumption were estimated as before from FT-IR spectra.affects their conversion to the photo-oxidized products. Fur-
The deviation in the values for the pseudo-rate constantthermore, FT-IR analyses of CQ crystals irradiated for 20
for CQ consumptionk = 0.23+ 0.03h™1 (Table 2, over days between two glass plates in air indicate the formation
the 10-fold change in concentration was within the limits of 6 and7 in a 3:2 ratio, as observed from irradiations in
expected for precision. Therefore, we conclude that CQ aerated PS films.

gizljdf)—rate constants for CQ consumptiknirf aerated PS films as a function of bulk CQ concentrétion

k (h™1)

2mg CQ/20mg PS 2mg CQ/40mg PS 2mg CQ/60mg PS 2mg CQ/80mg PS 2mg CQ/100mg PS
0.256 0.221 0.202 0.266 0.209

aCorrelation coefficientsr are 0.9992-0.9997.
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Fig. 6. Plots of absorbance changes at 1756%cmpon irradiation of CQ-doped polymer films (4mg CQ/20mg polymer) in a Spect%rapparatus
on air for various periods:x) PS; &) PMMA; (¥) PC; (A) PSF.

3.2. Irradiations in a Spectram@t The lack of a clear relationship between the rates of CQ
loss and oxygen diffusion coefficients suggests that the local
The rate data ifrig. 6 (andTable ) were obtained when  concentrations of oxygen in all of the films remain adequate
films containing 4 mg CQ/20 mg polymer were irradiated to scavenge the key photochemical intermediates leading to
with the more intense photon source in Spectrgﬁ]and 6 and7 throughout the experiments. The initial CQ concen-
in air. As expected, the corresponding rate constants aretration in these experiments, ca. 1.2 mol/kg polymer, is ca.
more than 1 order of magnitude higher than calculated with 250—4000-fold larger than the molecular oxygen concen-
the lower-intensity medium-pressure lamp, but unlike the trations in each of the films. However, given the protracted
experiments with the lower-intensity, the achieved rate con- periods necessary to convert CQ to products and the large
stants are of the second order. In the case of PC matrix, twodiffusion coefficients for oxygen, the initial and steady-state
different rate constants were obtained. The first, at the begin-concentrations of molecular oxygen would remain almost
ning, is higher and the second, from the 10 min of progress the same throughout the irradiations so the diffusion of
of irradiation, is lower Fig. 6, Table ). The irradiation in molecular oxygen should not be a limiting factor. From our
Spectramﬁ allows to obtain additional information about observation this seems to be right in the case of irradiation
the potential depletion of oxygen during conversion of CQ. with lower intensity source, where the rate constants of CQ
With higher intensity of light increases concentration of CQ consumption are of pseudo-first order and do not depend
in the excited state. However, the amount of oxygen in poly- on type of polymer matrix and so on the oxygen concen-
mer film and the rate of diffusion of oxygen into the film tration (ig. 5 _Table 1. However, in the case of irradiation
are limited by the type of polymer used. By the taking into in Spectramz@, the rate constants of CQ consumption fit
the account this two facts, the rate of the CQ consumption dependence suits better to second-order (tdd. (6), that
could depend on the type of polymer matrix. The concen- means that the rate constants probably depend on the oxy-
trations of molecular oxygen in the air-equilibrated polymer gen concentration. The two different rate constants for PC
matrices [Q] and corresponding coefficients of diffusi@n matrix would be caused with the high equilibrium concen-
are inTable 1 When the first (higher) rate constant for PC tration of molecular oxygen in the beginning of irradiation.
is taking into account, the rate constants for CQ consump- However, after 5min of irradiation the oxygen concentra-
tion increase with increasing equilibrium concentrations of tion falls down and it is controlled with the rate of oxygen
molecular oxygen in the polymer matricégble 1. There diffusion to the polymer film. Because, the coefficient of
is also correlation between the rates constants for CQ con-oxygen diffusion for PC is too low, so concentration of oxy-
sumption and coefficients of diffusion, when the second gen, and therefore also the rate constant of CQ consumption
(lower) rate constant is taking in account for PC matrix. in the second period of irradiation, is lower than that in the
Exception in both cases is just for PSF, where, like in the beginning of the irradiation. For PMMA and PS, starting
previous irradiations of CQ with the lower intensity lamp, equilibrium concentrations of molecular oxygen are lower
the rate constant is lower than it would be expected. and can be maintained also during irradiation, because the
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diffusion coefficients of molecular oxygen are higher as that did not diffuse from the films as they were purged with
compared with PC. argon)—can be discerned.

The lower rate in PSF is consistent with (and more  After 2h of irradiation of CQ in PS in argon atmosphere
marked than) the trend observed using the lower inten- the completed depletion of CQ was reach&t( 8). Be-
sity lamp source. The lower rate does not appear to be aside oxidation products in air and oxygen, in argon atmo-
consequence of the small population of easily abstractablesphere also a new broad peak at 1744 tand weak one at
H-atoms in PSF because an equally small population is ex-1781 cntlis seen in FT-IR spectré&ig. 8). These peaks are
pected in PC, where the rate of CQ consumption does notconsistent with the presence of photo-reduced CQ products
appear to be ‘abnormal’. The data indicate that PSF affects[5]. The intensity of the 1744 cnt peak is much smaller
the photo-physical properties of CQ differently than do the in the air-saturated film and negligible in the molecular
other polymers, making its quantum yield for conversion oxygen-saturated one. The irradiated CQ in PS film in ar-
lower than in the other three polymer matrices. Consistent gon atmosphere was dissolved in chloroform and polymer
with this hypothesis, the lowest quantum yield for fluo- precipitated in methanol. The polymeric part was cast into a
rescence from CQ in the PSF films is found (vide infra). film from chloroform. To the in-methanol-soluble part (con-
Similarly, physical quenching of CQ excited state with other centrated) was added 20 mg of fresh PS and cast into a film
sulfur compounds (with organic sulfides), was observed from chloroform. FT-IR spectra of these three films were
[1]. similar (containing peaks at 1744 cf). GC-MS analyses

Irradiations of CQ have also been conducted compara- of an aliquot of the methanol-soluble part showed various
tively in PS films saturated with air, molecular oxygen, and unidentified products that contain mass fragments charac-
argon. FT-IR spectra of films before and after 9 min irradia- teristic of both camphoricnfe 139, 123, 111, 95, 83, 69,
tion periods are shown iRig. 7. They can be compared with 55, 41) and styryl groupsn{e 105, 91, 77). They were
FT-IR spectra obtained after 2 h of irradiationkig. 8 As probably formed by combination of camphoric radicals and
expected, the CQ consumption increases with oxygen con-low-molecular polystyrene radicals.
centration, which is in accord with results observed inthe ir-  The molecular weight of PS in CQ-doped PS films was
radiation of CQ in xylene solutiof]. Itis evident, also, that  also determined by viscometry before and after irradia-
the product compositions depend on molecular oxygen con-tion for various periods and under different atmospheres
centration; mainly increase of the amount of oxidation prod- (Table 3. The molecular weight decreases are largest af-
ucts with increasing concentration of oxygen. But also in ter the longest irradiation times and at smallest molecular
the experiment conducted under an argon atmosphere, smalbxygen concentration. The molecular oxygen inhibits PS
amounts of oxidation products—camphoric acid and cam- degradation by >400 nm radiation in the presence of CQ.
phoric anhydride (probably from traces of molecular oxygen First step in PS degradation should be H-abstraction from

11
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Fig. 7. FT-IR spectra of CQ-doped PS films (2mg CQ/20 mg PS) prior to irradiation (—) and after irradiation in a Sp@:tanpatatus for 9 min
under argon (--), air (---) and molecular oxygen {-).
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Fig. 8. FT-IR spectra of CQ-doped PS films (2mg CQ/20 mg PS) prior to irradiation (—) and after irradiation in a Sp@:tmpﬂtatus for 2h under
argon (--), air (---) and molecular oxygen {(-).

PS-backbone, most probably from the benzylic group, with Table 4 _ o _ _
excited triplet state of CQ and/or with intermediates radicals Wavelength of CQ absorption4) and emissioner) maxima and emis-
of CQ photo-oxidation. From the effect of oxygen concen- SIon quantum yields&e; iex = 472nm) in various media

tration, its possible conclude, that for degradation of PS is Medium ra Xem Pg?
responsible mainly (or exclusively) triplet state of CQ. Chloroform 474 507
Cyclohexane 481 509 0.0019
3.3. Emission spectra Methanol 467 508 0.0016
PC 468 518 0.046
- , , - . PMMA 470 523 0.024
The emission spectra of CQ in various liquid solutions pg 472 526 0.023
and in the four polymer matrice§ig. 9 have been mea- psr 472 525 0.01

sured. No excimer-like emission was observed in any of the
media. Spectra in CgJl cyclohexane and methanol solu-
tions are like those published previou$hs], but our rela-
tive phosphorescence intensities are weaker, probably as solutions. Reason is known higher stabilization of excited
result of solvent impurities and residual oxygen acting as state of CQ with polymer matrix, when compared with so-
guencher$8,14] of both fluorescence and phosphorescence. lution. Only in PMMA is phosphorescence from CQ (shoul-
Emissions, predominantly fluorescence quantum yields from der near 560 nm) evident. The somewhat lower quantum
CQ, calculated relative to anthracefi®] (Table 4, are 1 yield measured in PSF is indicative of specific interactions
order of magnitude higher in the polymer films than in liquid between the excited singlet state of CQ and the polymer

aRelative to anthracene.

Table 3
Limiting viscosity number 1) and viscosity molecular weighM) of CQ-doped films (2 mg CQ/20 mg PS) before and after irradiation in a Spec@amat
apparatus under various atmospheres for different periods

Unirradiated Atmosphere
Molecular oxygen Air Argon
n 0.805 0.719 (0.735) 0.674% (0.6815% 0.54C¢
My 213900 182900 (188600% 16760@ (169950§ 123300

2|rradiation period: 2 h.
bIrradiation period: 9 min.
Clrradiation period: 40 min.
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Fig. 9. Emission spectra of CQ (4 mg CQ/20 mg polymer) in aerated (—) PS, (---) PMMA, RC and (--) PSF films.

matrix, possibly involving S@groups. This effect has been Agreement with the correlation between fluorescence

discussed above with respect to the lower efficiencies of CQ quantum yields and rate constants of reaction from triplet

photoreactions in PSF. state can be reached when quantum vyields of ISC do not
There is correlation between emission quantum yields in differ much. This is also the case of CQ, where quantum

various polymer matrices and rate constants (estimated fromyield of ISC is near to 13,14].

the beginning of irradiation) of consumption of CQ irradi-

ated in various polymer matrices in Spectra@laThe rate 3.4. Mechanism of photo-conversion of CQ

constants increase with increasing quantum yields of emis-

sion. Exception is only for PMMA, which havég higher The mechanism proposed for CQ photo-oxidation in lig-

than it would be expected. The reason is that the valderof ~ uid solutions §cheme 1[17-19]is probably operative in

for PMMA contains besides fluorescence also phosphores-the polymer films, also. Addition of molecular oxygento CQ

cence, which was not observed for other polymers. So realaffords the peroxy—alkoxy biradical intermedidi® which

value of fluorescence quantum yield for PMMA is smaller. can then form the cyclic camphordiacyl peroxide)( ei-

It could prod that the CQ reacts with oxygen in its excited ther directly or via the dioxetandl). In polymer matrices

singlet state and ISC to triplet state decreases quantum yieldwith easily abstractable H-atoms, like F,is the probable

of reaction (and the rate constant of CQ consumption). How- precursor of camphoric diacid’). Its formation may also

ever, this way seems to be not probable, because it was refead to some cleavage of PS chains. Alternativélymay

ported[16] that CQ reacts in its triplet state. form camphoric anhydride6] by loosing an oxygen atom

z \? 12
_______ %COOH
COOH

Scheme 1.
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% polymer (PH) .
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CQH®* + P — P—CQH (5)

Scheme 2.

to another molecule of CQ, to another molecule of oxygen
(forming ozone), or to the polymét7—-19]

CQ appears to react in polymer films via two competitive
pathways whose relative importance depend on the local
concentration of molecular oxygen and the availability of
easily abstractable H-atoms. Triplet states of CQ are the
main reactants with molecular oxygen to yield camphoric
acid and camphoric anhydrid&¢heme land Egs. (1) and
(2) of Scheme 2 As shown in Eq. (3), the triplet state of
CQ can also be quenched by oxyddl]. However, phys-
ical quenching by molecular oxygen must be less efficient
than its chemical reaction with CQ because the rate of
photo-oxidation increases with molecular oxygen concen-
tration. In addition, efficient reaction of CQ excited states
with molecular oxygen precludes alternative pathways in-
volving H-abstraction from polymer chains, which is the
process with smaller rate constant (Eq. (4)). Thus the de-
gree, to which a polymer reacts via chain scisqid0] by
CQ, depends on molecular oxygen concentration too. The
CQH* radical can either abstract another H-atom from a
vicinal site (introducing a double bond along the chain)
or combine with a chain radical center (Eq. (5)). The MS
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polymer matrix. All these factors can influence the rate of
CQ consumption.

4. Conclusions

In contrast to benzi[8,9], CQ does not yield a stable
intramolecular peroxy anhydride when irradiated in aerated
glassy polymer matrices. Only products of its decomposition
or related to its proposed precursi® could be identified.

In the absence of molecular oxygen excited states of CQ
abstract H-atoms from and degrade their polymer hosts.
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