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ABSTRACT: Poly(3-buten-2-one) (PMVK), poly(4,4-dimethyl-1-penten-3-one) (PBVK), and
poly(3-methyl-3-buten-2-one) (PMIK) were irradiated in a dichloromethane solution with 15ns
flashes of 265 nm light. In the case of PMVK, the existence of 1,4-biradical (k=2.5x 107s7!) was
shown by transient absorption measurements. In the cases of PBVK and PMIK, the absorption
spectra of acyl radicals originating from a-cleavage were detected at the end of each flash. Emission
measurements yielded only prompt fluorescence. Kinetic analysis of the decay of the transient
recorded with PBVK yielded evidence for the formation of a polymeric acyl radical
-CH,-CH-CH,-,
-CO

which decomposed when k=4 x 106s~!. For PMIK and 3,3-dimethyl-2-butanone (a model com-
pound) the absorption spectrum of acetyl radical was obtained in the range of (1.5—2.0) x 10°s 1.
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Flash photolysis studies have recently been
applied increasingly to the elucidation of the
mechanism of photodegradation of polymers
and the kinetics of relevant elementary re-
actions.! 7 Because of the high time resolution
of the techniques applied, evidence for the
existence and reactivity of many short-lived
intermediates have been obtained. In various
cases it has been possible to corroborate or
discard mechanistic concepts developed earlier
on the basis of stationary irradiation experi-
ments. Optical absorption and emission have
been used most frequently for the detection of
transient species (excited states, free radicals,
and radical ions). Also, the light scattering
detection has been applied in the authors’
laboratory to investigate the kinetics of photo-
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chemical processes involving size change in
macromolecules (main chain scission or
crosslinking).®

The present paper reports on absorption
and emission studies carried out with some
aliphatic ketone polymers and a low molecular
weight model compound. These studies are a
continuation of former investigations dealing
with aromatic ketone compounds.® 8

According to present knowledge,®"”
photochemical reactions of polymers of the
structure

13

R,
~C-CH,-
c=0
R, "
initiated by the excitation of n—n* transitions

* On leave from Kyushu Sangyo University, Department of Photography, Matsugadai, Higashi-ku, Fukuoka 813,

Japan.
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in carbonyl groups, can proceed by the so-
called Norrish Types I and II processes, as
depicted in Scheme 1.

If R, is a substituent other than hydrogen,
the Type I process is essentially responsible for
the photochemical alterations of the polymer.
On the other hand, Types I and II processes
can occur in parallel if R, is hydrogen, as has
been inferred from product analysis studies
with aliphatic and aromatic ketones.

It appears that the Type I process may be
important relative to the Type II process if the
approach of the excited carbonyl groups and y-
hydrogens is sterically impeded by the pres-
ence of bulky substituents.

As far as the Type II process is concerned,
the detection of 1,4-biradicals produced by the
abstraction of the y-hydrogens (see Scheme 1)
has been a subject of various flash photolysis
studies with both low and high molecular
weight ketones. Kinetic spectroscopical data
on the aromatic carbonyl compound,
poly(phenyl vinyl ketone), and data from
scavenging experiments with paraquat ions
obtained with y-methylvalerophenone were
considered as indicative of the 1,4-biradical
lifetimes of 50 to 100ns in these cases.® Data
for the aliphatic carbonyl compounds were
obtained with 2-hexanone and S5-methyl-2-
hexanone.*

In the following sections, experiments using
several aliphatic ketones are described and
should provide additional information on the
competition of Types I and II processes and
the possibility of detecting biradicals in the
Type II process as relatively long living
transients.

EXPERIMENTAL

(a) Materials

The ketones used in this work are listed in
Table I. PMVK was prepared by polymeri-
zation of the neat monomer by y-irradiation as
described before.* PBVK and PMIK were
obtained by radical polymerizations of the
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respective monomers in dioxane solutions at
323K using AIBN as the initiator. 3,3-
Dimethyl-2-butanone was dried with anhy-
drous sodium sulfate and subsequently distil-
led twice via a splitted-tube column (Fischer,
Bonn).

Dichlomethane (E. Merck, for fluorescence
spectroscopy) was washed five times with
aqueous sodium carbonate solution (5%) and
five times with distilled water. After drying on
anhydrous calcium chloride, it was distilled
twice via the splitted-tube column.

Acetonitrile (E. Merck, for spectroscopy)
was refluxed five times for 10h, each time
on P,0O, followed by distillation via the
splitted-tube column.

Tetrahydrofuran (E. Merck, for spectros-
copy) was passed through a column containing
basic alumina and then distilled twice under
argon from KOH pellets.

(b) Apparatus and Irradiation of Samples

A neodymium YAG laser was used in con-
junction with two frequency doublers.'* The
output of 265nm light was about 2x 1078
einstein per flash (ca. 10mJ), as determined by
tetraphenylcyclobutane as the actinometer*
with ¢ (trans-stilbene)=0.68. Filters from
Schott (UG 5 and UG 11) were used to reduce
the light intensity. Sample solutions were satu-
rated with purified argon prior to irradiation
in quartz cells.

The sample concentration, with respect to
carbonyl groups, was about 3.1x107?
moldm™3. This concentration corresponded
to an optical density of about 0.5 at A=
265 nm.

The emission and absorption spectra re-
ported in this work were normalized with
respect to a laser output of 1.9 x 108 einsteins
per flash.

RESULTS AND DISCUSSION

Emission Measurements
In all cases, a strong emission of light was

Polymer J., Vol. 16, No. 2, 1984
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Photochemical reactions in polymers following n—n* transitions in carbonyl groups.

Scheme 1.
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Table I. Ketone polymers and the model compound

Compound Chemical structure M, Origin
|
C—CH, .
Poly(3-buten-2-one) | 1.8 x 10° Polymerization of bulk 3-buten-
[poly(methyl vinyl ketone)] =0 2-one by ®°Co-y-irradiation’3
PMVK |
CHg
— : -
|
) — C—CHy——
Poly(2,2-dimethyl-4-penten-3-one) 2.9x10° AIBN (1x1073*M)
[poly(z-butyl vinyl ketone)] (= initiated radical polymerization
PBVK | of 2,2-dimethyl-4-penten-3-one
H 3C_(I:__C H 3 (2M) in dioxane at 50°C
i CHs 1,
CHg
Poly(3-methyl-3-buten-2-one) (‘: CH 8.9x10* AIBN (1x1073M)
[poly(methyl isopropenyl ketone)] l— 2- initiated radical polymerization
PMIK =0 of 3-methyl-3-buten-2-one
| (2 M) in dioxane at 50°C
CHy
CHy
3,3-Dimethyl-2-butanone |
(pinacoline) Hy C-!(13—-(li—c Ha Aldrich
MBK 0 Ch,

observed upon laser flash photolysis of argon-
saturated solutions at A,,,=265nm and
293K. The emission was short-lived (k>
2x108s71), ie., the shape of the emission
signal corresponded to the flash profile. The
emission spectra shown in Figure 1 agree with
50 the fluorescence spectra, reported in the litera-
ture.' It should be pointed out that only quick
and not delayed fluorescence or phosphores-
! cence was detected. Therefore, no evidence for

the triplets was obtained.

100 —

Ig /mV (a. u)

0 I
300 400 500
AN/ nm .
Absorption Measurements
Figure 1. Emission spectra of PMVK (1), PBVK (2), Figure 2 shows the absorption spectra re-
PMIK (3), and MBK (4) recorded during the flash. The . . .
corded with argon-saturated solutions im-

spectra were normalized with respect to the absorbed . . K .
dose but not corrected for the sensitivity of the mediately and at various periods following the

photomultiplier. flash. The spectrum obtained with 3,3-
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Figure 2. Transient absorption spectra of PMVK (a), PBVK (b), PMIK (c), and MBK (d) measured
immediately and at various periods after the flash in dichloromethane (3.2 x 10~2 basemoldm ~3). The
numbers at the curves denote the following delay times. (a): =0 (1), z=50ns (2), and t=200ns (3). (b):
t=0(1)and t=2pus (2). (c): t=0(1) and 16 us (2). (d): t=0 (1) and =7 us (2). The spectra were normalized

with respect to the absorbed dose.

dimethyl-2-butanone (MBK) is quite helpful
for interpreting the remaining spectra shown
in Figure 2. Actually, the attribution of the
absorption peaks at A>300nm in the spec-
trum (d) in Figure 2 to the acetyl radical is
straightforward. The maxima observed at
320 nm and at about 540 nm correspond fairly
well to the maxima values (340, 500, and
540 nm) reported by Noda et al.!® The photo-
lysis of MBK yielded acetyl and z-butyl radi-
cals with ¢, 0.51,'7 0.8!8;

o.d. x 102
T

600
N/ nm

Figure 3. Difference absorption spectra. (1): PMVK,
difference of spectra recorded at =50 ns and r=200ns.

(;H3 (;:H3 (2): MBK, difference of spectra recorded at t=0 and
H,C-C-C-CH; — H,C-C-+-C-CH, t=Tps.
1" | 1} |
O CH, O CH, , _ ,
to that of the species having the absorption
Alkyl radicals do not absorb light at spectrum in Figure 2(d) (z=>5 us). The spectra

A>300nm. Assignment to the triplet can be
excluded, since emission measurements show-
ed no species with a lifetime corresponding

Polymer J., Vol. 16, No. 2, 1984

observed immediately after the flash with
PBVK and PMIK, Figures 2(b) and 2(c), are
very similar to the spectrum shown in Figure
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Figure 4. Flash photolysis of PMVK in dichloro-
methane. The initial transient absorption (left ordi-
nate) and rate constant of the decay of the initial absorp-
tion as a function of exposure dose.

2(d) and were thus also assigned to acyl and
acetyl radicals, respectively. A different situ-
ation was encountered with PMVK. In this
case, the spectrum recorded initially, i.e., 50 ns
after the start of the flash showed a weak
absorption maximum at about 300nm but
none at A>400nm, as evident from Figures
2(a-2) and 3 (line 1), in which difference spec-
tra obtained with PMVK and MBK are pre-
sented for comparison. The initial spectrum
observed with PMVK was tentatively ascrib-
ed to the 1,4-biradical:

CH,
C=0
—CH—CHz—é-
.C-OH
CH,

Assignment of this spectrum to the carbonyl
triplet was discarded since the T-T absorption
spectra of aliphatic ketones such as propanone
and butanone!® do not possess a maximum at
about 300 nm.

In Figure 4, the initial optical density for
PMVK increased linearly with the exposure
photons. The first-order decay rate constant
(k=2.5x107s"') was independent of the
quantity of photons, as also shown in Figure 4.
This is in accordance with the assignments of
the spectra to the 1,4-biradicals and not to the
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Figure 5. Oscilloscope traces illustrating the formation
and decrease in transient absorption observed with
PBVK (a) and PMIK (b) in argon-saturated dichloro-
methane solution. Exposure dose: 2—3 x 10~# einstein
per flash.

triplets. At high doses, corresponding to high
initial concentrations, the triplets probably
undergo T-T annihilation. The occurrence of
this reaction should be indicated by second-
order kinetics or, at least, by a dependence of
the experimental first-order rate constant on
the absorbed photons per flash.

As can be seen from Figure 3 (line 1) the
transient spectrum, recorded 200ns after the
start of the flash strongly resembles the spec-
trum of the acetyl radical, thus indicating its
existence. This spectrum was rather long-lived
and decayed in a us range with a first-order
rate constant of 1.5x 10°s~!. These findings
show that, in the case of PMVK, both Types I
and II processes (as depicted in Scheme 1)
occur simultaneously.

With PBVK and PMIK, relatively long-
lived absorptions were also observed, as shown
by the oscilloscope traces in Figure 5. The
decay of these absorptions did not follow
simple kinetic laws. Thus, it was concluded
that the observed spectra consisted of the spec-
tra of different radicals decomposing at differ-
ent rates. Scheme 1 shows that the a-scission
produces macroradicals along with low mo-

Polymer J., Vol. 16, No. 2, 1984
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lecular weight radicals. It is possibly the ab-
sorption of macroradicals which overlaps the
absorption of (low molecular weight) acyl
radicals in the cases of PBVK and PMIK,
respectively. From Scheme 1, it is obvious that
Type I reactions can proceed via two routes.
Both routes may be important, particularly in
the case of PBVK. The polymeric acyl radicals
of the type R-C=0, generated during the o-
scission of PBVK according to route (b), prob-
ably possess an absorption spectrum similar
to that of the acetyl radical (H;C-C=0).
However, they might decompose more rapidly
according to reaction (2):

~CH,-CH-CH,~
~CH,~CH-CH,~ —— + )
!
C=0 Co

A rate constant of about 4 x 10°s~! was esti-

mated for reaction (2) on assuming that a more
rapid decay of the absorption at 41=250nm
can be ascribed to it.

CONCLUSIONS

Flash photolysis of the aliphatic ketone
polymers PMVK, PBVK, and PMIK and
3,3-dimethyl-2-butanone at  4,,,=265nm
showed that radicals were formed during
the 15ns flash. In the cases of PBVK and
PMIK, acyl radicals, generated by the a-scis-
sion, were detected by the characteristic ab-
sorption spectrum. Indication for the for-
mation of polymeric acyl radicals (R-C=0)
was obtained for PBVK. Because the transient
absorption spectrum observed at the end of the
flash differed from the spectra observed with
the other two polymers, the triplet biradical
for PMVK was postulated as a transient with a
lifetime of about 40 ns.

It is noteworthy that a rather short triplet
lifetime of ca. 6ns has been estimated by Dan
et al.?® for PMVK on the basis of data from
quenching experiments. Our findings that radi-
cals are formed rapidly during the 15ns flash,

Polymer J., Vol. 16, No. 2, 1984

corroborate this earlier conclusion. Triplet
lifetimes of a few ns were assumed for the
other two polymers, PBVK and PMIK. Indi-
cations for the existence of triplets could not
be obtained in this work from emission
studies.
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