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ABSTRACT: Polyethers, containing coumarin dimer components in the main chain, were
irradiated successively in 1,4-dioxane with 254 and 350 nm (or 300 nm) light to investi-
gate their reversible photoreaction properties. The coumarin dimer components cleave
symmetrically under 254 nm (photocleavage) to original dioxycoumarins. Irradiating
the cleaved sample with 350 nm (or 300 nm) leads to polymerization of the dioxycoumar-
ins via dimerization of the telechelic coumarin chromophores (lmax Å 320 nm). The
absorbances at 320 nm of the sample solution were used to trace the photoreactions.
For both 5 and 6, the maximum absorbance (ABS) and DABS increase with the number
of cycles (one photocleavage followed with one photopolymerization). However, the
degenerates (percent decrease of absorbance per cycle) of 5 (ca. 50%) are much greater
than those of 6 with 4-methyl substitution (ca. 29%), which has been explained by the
formation of coumarin dimer components which are difficult to cleave under 254 nm.
Moreover, photocleavage (254 nm) is much faster than is photopolymerization (350
nm) for both 5 and 6 due to the high-energy intensity of 254 nm light. Addition of
the photosensitizer, benzophenone, enhances the photopolymerization rate with the
photocleavage rate remaining almost unchanged. 4-Methyl substitution in 6 results in
an increased rate for both reactions which can be attributable to its electron-releasing
property. Photopolymerization under 300 nm light is more effective than under 350
nm, suggesting that the absorbing efficiency under 300 nm should be greater since it
overlaps with the absorption of coumarin chromophores (320 nm). q 1997 John Wiley &
Sons, Inc. J Appl Polym Sci 64: 1759–1768, 1997

Key words: polyether; coumarin dimer; photocleavage; dioxycoumarin; photopoly-
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INTRODUCTION circuit (IC), the large-scale integrated circuit
(LSI), and the very large scale integrated circuit
(VLSI) so important that it caused the revolutionPhotosensitive polymers are often used in the
in the field of calculators and many electronic ma-fields of printing, inks,1,2 and coatings.3 Especially
chines. As a result, many laboratories still con-in electronics, the development of photosensitive
tinue exploring the field of photosensitive poly-polymers made the technology of the integrated
mers.

At present, photosensitive polymers are de-
Correspondence to: Y. Chen. fined as those with photosensitive groups in the
Contract grant sponsor: National Science Council of the main or pedant chains, which polymerize (orRepublic of China.

crosslink) or cleave after irradiation with UVContract grant number: NSC 82-0405-E-006-073.
q 1997 John Wiley & Sons, Inc. CCC 0021-8995/97/091759-10 light (or electron beam) depending on whether it
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is of a negative or positive type.3 In general, for versibility of coumarin chromophores is not in-
fluenced by its substitution at the 7-position.the negative type, there are three kinds of photo-

Thymine bases with a long alkyl chain convertsensitive groups used widely, i.e., azide groups,4

to photodimers upon irradiation with UV lightcinnamate groups,5 and diazo groups.6 Also, their
near lmax Å 288 nm, which is known to have asolubility in a developer is greater for light-unex-
lethal effect in biological systems.23 However, theposed than for exposed areas, leading to the for-
photodimerization is a reversible reaction and themation of patterns by removal of unexposed zones.
photodimers are cleaved to starting thymines ef-Four-center-type photopolymerization and [2/ 2]
ficiently upon irradiation at 240 nm. This revers-photopolymerization in the solid state were stud-
ible and thermally stable photochromic system ofied in detail by Hasegawa.7–9 Right now, many
thymine has been applied to a reversible photore-researchers are still trying to synthesize new and
cording system.24,25 The polymers containinguseful photosensitive polymers and to investigate
thymine bases have high resolution and high sen-their potential applications.
sitivity when used as negative, positive, andCoumarin, 2-chromenone, exists in trace
chemical amplification photoresists for micro-amounts in many plants, particularly in some
lithography.26–29 We have synthesized coumarinskind of fruits as a component in aromatic flavors.10

with a long alkyl chain by the condensation ofIn 1902, Ciamician and Silber found that couma-
umbelliferone with alkanoyl chlorides, and theirrin dimerized on photoirradiation (lmaxú 300 nm)
reversible photocyclodimerization behaviors havein ethanol or in an aqueous medium.11 Since then,
been investigated in detail after dispersing inthe photocyclodimerization of coumarin has re-
poly(vinyl acetate).30 Reversible photocleavageceived much attention among organic chemists
and photocrosslinking of copolymers derived fromand has been studied extensively by several
7-acryloyloxy-4-methylcoumarin and acrylatesgroups from both the synthetic and mechanistic
have been investigated in the film state.31

points of view.12–18 Coumarin yields four types of
In this work, reversible photocleavage (254dimers on photoirradiation, of which the product

nm) and photopolymerization (300 or 350 nm) ofratio is influenced predominantly by the multi-
polyethers containing coumarin dimer compo-plicity in the [2/ 2] photochemical reactions. The
nents were investigated in 1,4-dioxane, especiallystructures of these dimers are anti head-to-head,
the influence of the composition, irradiation wave-

anti head-to-tail, syn head-to-head, and syn head- length, and photosensitizer, benzophenone.
to-tail types. Moreover, Krauch and co-workers
reported the cycloreversion (photocleavage) of an
anti head-to-head coumarin dimer in dioxane into

EXPERIMENTALthe starting coumarin upon photoirradiation with
wavelengths shorter than 300 nm.14

Preparation of Polyethers 5 and 632
Similarly, o-acetylumbelliferone derived from

umbelliferone (7-hydroxycoumarin) readily pho- Photopolymerization of 7,7*-(polymethylenedioxy)
todimerizes to form an anti head-to-head o-acetyl- dicoumarins in dichloromethane results in poly-
umbelliferone dimer in a dichloromethane solu- ethers 5 and 6 with reduced viscosities between
tion.19 Dicoumarins have also been synthesized 0.05 and 0.23 dL/g.32 The configurations of the
from the condensation of diacid chlorides with polyethers were characterized by 1H-NMR spec-
umbelliferone or 4-methylumbelliferone and their tra. For unsubstituted (in cyclobutane ring) poly-
photopolymerization behavior under 350 nm has ethers 5, the coumarin dimer linkages are of syn
been studied in detail.20,21 Moreover, 7-acryloy- and anti head-to-head structure. However, they
loxy-4-methylcoumarin has also been prepared are syn and anti head-to-tail for methyl-substi-

tuted polyethers 6.from umbelliferone and copolymerized with N- (1-
phenylethyl)acrylamide.22 Under photoirradia-
tion with UV light having lmax Å 350 nm, the

Repeated Photocleavage and Photopolymerizationcopolymer crosslinks readily by cyclodimerization
of 5 and 6 (Scheme 1)of pendant coumarin components. However, the

coumarin dimer chromophores cycloreverse to the The solutions used for photocleavage (254 nm)
original coumarin chromophores under 254 nm and photopolymerization (300 or 350 nm) were

prepared by dissolving polyethers in 1,4-dioxanelight. This indicates that the photoreaction re-
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Scheme 1

(3 1 1005M repeating unit) . After purging with were prepared from 7-acryloyloxy-4-methylcou-
marin and N- (1-phenylethyl)acrylamide.22 Theydried nitrogen, it was sealed into a quartz UV

cell and then put into a photochemical chamber also showed reversible photocrosslinking through
reversible photodimerization of pendant 4-methyl-reactor, Model RPR-100, from Rayonet, equipped

with 16 UV lamps. The photocleavage, a symmet- coumarin chromophores. However, upon irradia-
tion with 254 nm light, not only photocleavageric split of cyclobutane of coumarin dimer linkage,

was first conducted by irradiating with 254 nm but also photodimerization occurs and the reac-
tion reaches equilibrium.light. Then, after exchanging with 300 or 350 nm

UV lamps, the cleaved sample was then photo- The photodimerization of coumarin chromo-
phores results in a decrease of absorbance at lmaxpolymerized through dimerization of telechelic

coumarin chromophores. The photoreactions were Å 320 nm, which increases again by symmetric
splitting of the photodimer. In this work, UVtraced by recording the absorbance at 320 nm,

which is the maximum absorption of coumarin lights with lmax Å 350 nm (or 300 nm) and lmax

Å 254 nm were used for the photodimerizationgroups, using a UV-visible spectrophotometer,
Model UV-160A, from Shimadzu. The photocleav- and photocleavage reaction, respectively. Within

a Rayonet photochemical chamber reactorage and photopolymerization cycle was repeated
several times to investigate their reversibility. In equipped with 16 UV lamps, the intensity read-

ings at the reaction site are 7.05 mJ/cm2 s (350addition, the photoreactions were conducted both
in the presence and absence of benzophenone to nm), 6.17 mJ/cm2 s (300 nm), and 10.28 mJ/cm2 s

(254 nm), as measured with UV meters. Systemselucidate the role of the photosensitizer.
with benzophenone are compared with those
without it to investigate the role of the photosensi-
tizer.RESULTS AND DISCUSSION

As shown in Figure 1, the UV spectrum of poly-
ether 6b from 7,7 *- (octamethylenedioxy)di-4-In solution, coumarin readily dimerizes to the cou-

marin dimer in high yield under photoirradiation methylcoumarin shows two absorptions at 280
and 320 nm. The bands at 280 and 320 nm canwith a UV light of lmaxú 300 nm, especially in the

presence of the photosensitizer benzophenone.1 4- be, respectively, attributed to the B band (p– p*)
and the R band (n – p*) absorptions caused by 4-Methylcoumarin also exhibits photodimerization

reactivity similar to that of coumarin and both methylcoumarin chromophores.35 Upon irradia-
tion with 254 nm light, the coumarin dimerhave been employed in the photocrosslinking re-

action.33,34 Upon irradiation with a shorter UV groups are symmetrically split to the original 4-
methylcoumarin (photocleavage) as shown inlight (lmaxÅ 254 nm), the coumarin dimer cyclore-

verses to the original coumarins. Photoreactive Scheme 1. Followed by irradiating with 350 nm
(or 300 nm) light, the absorption at 320 nm de-copolymers containing 4-methylcoumarin groups
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creases gradually to an equilibrium value (Fig. 2)
due to the dimerization of pendant 4-methylcou-
marin chromophores (photopolymerization). Us-
ing these characteristics, reversible photoreac-
tions of the polyethers (5, 6 ) can be traced by
recording their absorption variation at 320 nm.

Photoreactions of 5b and 5d Without
Benzophenone

For convenience of comparison, one photocleavage
followed by one photopolymerization is defined as
one cycle. The maximum absorbance (Max. ABS:
the greatest absorbance at the beginning of photo-
polymerization), DABS (absorbance decrease
during one photopolymerization), photocleavage
energy and photopolymerization energy (energy
required for unit absorbance change), and degen-
erate (percent decrease of the maximum ab-
sorbance for the successive cycle) are summarized
in Tables I and II. Figure 2(a) illustrates the ab-
sorbance variation of 5b in 1,4-dioxane during
successive photocleavage (254 nm) and photopoly-
merization (350 nm) cycles. For the initial cycle,
the absorbance at 315 nm increases abruptly from
0.097 to 0.593 upon photocleavage, followed by a
smooth decrease to the original 0.097 upon photo-
polymerization. For the second cycle, the maxi-
mum absorbance increased from 0.097 to only
0.330 compared to 0.593 of the first cycle, sug-
gesting that some of the cyclobutane rings formed Figure 2 Absorbance change at 320 nm of 5b in 1,4-
during the first cycle (photopolymerization) can- dioxane (3 1 1005M ) under repeated irradiation with
not be cleaved by 254 nm light. This seems to be (path a) 254 nm and (path b) 350 nm light. (a) Without

benzophenone; (b) with equivalent benzophenone.due to the formation of stable isomers of coumarin

dimer components that are difficult to be split by
light. On photopolymerization, the absorbance re-
turns to the original 0.097 again, indicating that
the lactone rings disappear completely to form
cyclobutane groups in the main chain. The follow-
ing cycles show similar behaviors, i.e., the maxi-
mum ABS and DABS decrease with the number
of cycles. The degenerates remain around 50% for
two to four cycles, suggesting formation of half-
isomers difficult to cleave during previous photo-
polymerization.

The energies required for photocleavage and
photopolymerization to cause a unit absorbance
change are estimated from the irradiation energy
and DABS (irradiation energy/DABS). As
shown in Table I, the photocleavage energiesFigure 1 UV spectral change of 6b in 1,4-dioxane (3

1 1005M ) under irradiation with 254 nm light. (1.24–14.9 J/cm2) are very low compared to those
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Table I Photocleavage (254 nm) and Photopolymerization (350 nm) of 5b and 5d in 1,4-Dioxane

5b 5d

Cycles

1 2 3 4 1 2 3 4

Max. ABSb 0.593 0.33 0.217 0.164 0.584 0.347 0.219 0.136
(0.557)c (0.363) (0.251) (0.193) (0.703) (0.143) (0.233) (0.169)

DABSd 0.496 0.233 0.119 0.062 0.492 0.255 0.127 0.044
(0.456) (0.262) (0.150) (0.092) (0.601) (0.311) (0.131) (0.067)

Degenerate (%)e — 53.0 48.5 48.3 — 48.2 50.2 65.4
(41.9) (42.7) (38.7) (48.2) (57.7) (50.0)

Photocleavage energy 1.24 2.20 4.74 14.9 0.83 1.81 4.85 14.0
(J/cm2)f (0.79) (2.35) (4.10) (6.69) (0.39) (2.47) (4.76) (16.1)

Polymerization energy 48.3 75.6 114.9 — 46.9 71.6 103.9 —
(J/cm2)f (21.8) (35.3) (46.2) — (18.1) (34.4) (48.4) —

a One photocleavage (254 nm) followed with a photopolymerization (350 nm) is defined as one cycle.
b Max. ABS: maximum absorbance within one cycle.
c The values in the parentheses are for those with benzophenone (3 1 1005 M ).
d Absorbance difference between the maximum ABS and minimum ABS within one cycle.
e Degenerate: Dn/1 Å {1 0 [(Max. ABS)n/1 /(Max. ABS)n ]} 1 100%; n : cycle.
f The energy required to cause unit absorbance change at 315 nm during photocleavage or photopolymerization, i.e., irradiation

energy/DABS.

Table II Photocleavage (254 nm) and Photopolymerization (350 nm) of 6b and 6d in 1,4-Dioxane

6b 6d

Cycles

1 2 3 4 1 2 3 4

Max. ABSb 1.339 0.958 0.713 0.535 0.731 0.551 0.419 0.316
(1.089)c (0.771) (0.498) (0.335) (0.782) (0.408) (0.219) (0.150)

DABSd 1.244 0.863 0.618 0.440 0.640 0.460 0.328 0.225
(1.004) (0.686) (0.413) (0.249) (0.686) (0.312) (0.123) (0.054)

Degenerate (%)e — 30.5 28.4 28.2 — 28.4 28.6 31.2
(32.3) (39.3) (40.0) (54.5) (60.6) (56.1)

Photocleavage energy
(J/cm2)f 0.37 0.59 0.91 1.34 0.64 1.00 1.64 2.96

(0.61) (1.12) (1.86) (2.47) (1.91) (3.95) (8.34) (18.1)

Polymerization energy
(J/cm2)f 11.4 13.6 19.1 — 17.2 24.7 36.3 —

(12.1) (17.6) (24.4) (29.3) (19.2) (29.5) (42.7) —

a–f See footnotes a–f to Table I.
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of photopolymerization (48.3–114.9 J/cm2), indi- from 0.584 and 0.492 to 0.136 and 0.044, respec-
tively, within cycles one to four. Also, the degener-cating that photocleavage under 254 nm is much

faster than is photopolymerization (350 nm). This ates increase slightly from 48.2 to 65.4%. The
photocleavage (0.83–14.0 J/cm2) and photopoly-should be attributable to the higher energy of the

254 nm light (10.28 mJ/cm2 s) than that of the merization energies (46.9–103.9 J/cm2) are com-
parable to those of 5b and both increase with the350 nm light (7.05 mJ/cm2 s). However, both en-

ergies increase with the number of cycles, i.e., number of cycles due to the same reason men-
tioned above.from 1.24 and 48.3 J/cm2 to 14.9 and 114.9 J/

cm2 for photocleavage and photopolymerization,
respectively. This means that both rates diminish

Photoreactions of 5b and 5d in the Presencewith the number of cycles. Clearly, this is caused
of Benzophenoneby the decrease in concentration of photoreactive

cyclobutane and lactone rings, since the coumarin It is well known that photosensitizers are an effec-dimer components which are difficult to cleave ac- tive energy transfer intermediate in photochemi-cumulate with the number of cycles. cal reaction systems. Therefore, it is interestingPolyethers 5d exhibit very similar behaviors as to investigate the influence of a photosensitizerto those of 5b as shown in Table I and Figure on our system from both academic and practical3(a). The maximum ABS and DABS decrease viewpoints. In this work, benzophenone was em-
ployed as a triplet photosensitizer and the concen-
tration was 3 1 1005M , which is equal to that of
a repeating unit of polyethers.

For 5b and 5d, addition of benzophenone exhib-
its little influence on the maximum ABS, DABS,
degenerate, and photocleavage energy, as can be
seen from the values in the parentheses of Table
I. However, the photopolymerization energy de-
creases significantly upon the addition of benzo-
phenone as shown in Figure 2(b) and Figure
3(b). For example, for 5b and 5d without benzo-
phenone, the energies in the first cycle are 48.3
and 46.9 J/cm2 compared to 21.8 and 18.1 J/cm2

in the presence of benzophenone, respectively.
The following cycles show the same trend, indicat-
ing that benzophenone enhances the photopoly-
merization rate significantly. However, its pres-
ence exhibits little influence on the photocleavage
rate because the photocleavage energies remain
almost unchanged except that for 5b in the fourth
cycle (6.69 J/cm2 compared to 14.9 J/cm2). This
result can be explained by the greater energy-
transfer efficiency of benzophenone under 350 nm
than under 2504 nm light.

Photoreactions of 6b and 6d Without
Benzophenone

The structures of polyethers 6 are head-to-tail in
comparison to the head-to-head structures of poly-
ethers 5.32 Moreover, polyethers 6 possess methylFigure 3 Absorbance change at 320 nm of 5d in 1,4-
substituents in the cyclobutane rings. Thesedioxane (3 1 1005M ) under repeated irradiation with
methyl groups should play a role in determining(path a) 254 nm and (path b) 350 nm light. (a) Without

benzophenone; (b) with equivalent benzophenone. the reactivity of the photoreaction. As shown in
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Table II Photocleavage (254 nm) and Photopolymerization (350 nm) of 6b and 6d in 1,4-Dioxane

6b 6d

Cycles

1 2 3 4 1 2 3 4

Max. ABSb 1.339 0.958 0.713 0.535 0.731 0.551 0.419 0.316
(1.089)c (0.771) (0.498) (0.335) (0.782) (0.408) (0.219) (0.150)

DABSd 1.244 0.863 0.618 0.440 0.640 0.460 0.328 0.225
(1.004) (0.686) (0.413) (0.249) (0.686) (0.312) (0.123) (0.054)

Degenerate (%)e — 30.5 28.4 28.2 — 28.4 28.6 31.2
(32.3) (39.3) (40.0) (54.5) (60.6) (56.1)

Photocleavage energy
(J/cm2)f 0.37 0.59 0.91 1.34 0.64 1.00 1.64 2.96

(0.61) (1.12) (1.86) (2.47) (1.91) (3.95) (8.34) (18.1)

Polymerization energy
(J/cm2)f 11.4 13.6 19.1 — 17.2 24.7 36.3 —

(12.1) (17.6) (24.4) (29.3) (19.2) (29.5) (42.7) —

a–f See footnotes a–f to Table I.

Table II and Figures 4(a) and 5(a), for 6b and butane rings and coumarin chromophores, i.e.,
methyl groups enhance both photocleavage and6d, both maximum ABS and DABS decrease with

the number of cycles, which is very similar to poly- photopolymerization rates through an electron-
releasing process. Polyether 6d also exhibits simi-ethers 5. However, the degenerates are around

29% regardless of number of cycles and is much lar trends in comparison with polyether 5d.
lower than those of 5b and 5d (ca. 50%). This
implies the formation of ca. 29% coumarin dimer

Photoreactions of 6b and 6d in the Presence ofcomponents (at previous photopolymerization)
Benzophenonethat are difficult to cleave under 254 nm. More-

over, photocleavage and photopolymerization en- As shown in Table II and Figures 4 and 5, addition
of benzophenone exhibits a significant influenceergies gradually increase with the number of cy-

cles for both 6b and 6d, indicating that both rates on the degenerates, photocleavage, and photo-
polymerization. For 6b, the degenerates are in-decrease with the number of cycles due to the de-

crease in the concentration of photoreactive cyclo- creased slightly from 28.2–30.5% to 32–40%, and
for 6d, they are increased from 28.4–31.2% tobutane and lactone rings. It is also found that, for

each cycle, the photopolymerization energy (11.4– 54.5–60.6%. In the presence of benzophenone, the
ratio of coumarin dimer components that are dif-19.1 J/cm2 and 17.2–36.3 J/cm2 for 6b and 6d,

respectively) is much greater than is the photo- ficult to cleave under 254 nm is increased. Fur-
thermore, contrary to 5b and 5d, both photocleav-cleavage energy (0.37–1.34 J/cm2 and 0.64–2.96

J/cm2), suggesting that the photocleavage reac- age and photopolymerization energies are greater
than those without benzophenone. For example,tion is much faster than is photopolymerization,

which is attributable to the higher energy of the cleavage and polymerization energies of 6b in-
crease from 0.37–1.34 and 11.4–19.1 J/cm2 to254 nm light as mentioned above.

Furthermore, both energies of 6b (photocleav- 0.61–2.47 and 12.1–29.3 J/cm2, respectively (Ta-
ble II) . Those for 6d increase from 0.64–2.96 andage: 0.37–1.34 J/cm2; photopolymerization:

11.4–19.1 J/cm2) are much lower than those of 17.2–36.3 J/cm2 to 1.91–18.1 and 19.2–42.7 J/
cm2, respectively. In the presence of the triplet5b (photocleavage: 1.24–14.9 J/cm2; photopoly-

merization: 48.3–114.9 J/cm2). The result is pre- sensitizer, benzophenone, photodimerization of
coumarin results exclusively in an anti head-to-sumably due to 4-methyl substitution in the cyclo-
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head coumarin dimer in both polar and nonpolar
solvents.13 The structures of polyethers 5 are also
head-to-head.32 However, the structures of poly-
ethers 6 are mainly head-to-tail due to 4-methyl
substitution. It is evident that benzophenone is
not only unable to enhance the photoreaction of
polyether 6 cotaining 4-methyl groups, but also
increases the photocleavage and photopolymeri-
zation energies by absorbing the light.

Influence of Wavelength in Photopolymerization

The 6b solution is first irradiated with 254 nm,
then it is photopolymerized under 300 or 350 nm
after separating into two quartz cells. As shown
in Table III, the photocleavage energy (0.53 J/
cm2) is much lower than is photopolymerization

Figure 5 Absorbance change at 320 nm of 6d in 1,4-
dioxane (3 1 1005M ) under repeated irradiation with
(path a) 254 nm and (path b) 350 nm light. (a) Without
benzophenone; (b) with equivalent benzophenone.

(5.29 J/cm2 under 300 nm and 8.41 J/cm2 under
350 nm). Under both wavelengths (350 and 300
nm), photopolymerization rates are much lower
than that of photocleavage under 254 nm. More-
over, from the fact that the required energy is
greater for 350 nm, clearly, 6b photopolymerizes
faster under 300 nm than under 350 nm. This
should be attributable to the enhanced absorbing
efficiency under 300 nm since it overlaps partially
with the absorption of photoreactive coumarin
chromophores (lmax Å 320 nm). However, using
300 nm light as the photopolymerization energy
source, the degenerate is very high (80%) as
shown in Table IV and Figure 6. This can be ex-Figure 4 Absorbance change at 320 nm of 6b in 1,4-
plained by the formation of a higher ratio of cou-dioxane (3 1 1005M ) under repeated irradiation with
marin dimer components that are difficult to(path a) 254 nm and (path b) 350 nm light. (a) Without

benzophenone; (b) with equivalent benzophenone. cleave during photopolymerization under 300 nm
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Table III Influence of Irradiation Wavelength on Photoreaction of 6b
in 1,4-Dioxanea

Photopolymerization
Photocleavage

254 nm 300 nm 350 nm

DABSb 0.974 0.968 0.976
Irradiation energy (J/cm2)c 0.516 5.12 8.21
Photocleavage energy (J/cm2)b 0.53 — —
Photopolymerization energy (J/cm2)b — 5.29 8.41

a The solution of 6b in 1,4-dioxane (3 1 1005 M ) was first irradiated with 254 nm light,
then irradiated with 300 nm or 350 nm light.

b The definitions are the same as those in Tables I and II.
c Accumulated irradiation energy during one photocleavage or photopolymerization.

light. Unfortunately, the structures of these cou- photocleave (254 nm) during photopolymeriza-
tion. Moreover, photocleavage (254 nm) is muchmarin dimer isomers have not been elucidated so

far, but their identifications are in progress. faster than is photopolymerization (350 nm) for
both 5 and 6 due to the greater energy of 254 nm
light. Addition of a triplet photosensitizer (benzo-
phenone) enhances the photopolymerization rateCONCLUSION
with the photocleavage rate remaining almost un-
changed. 4-Methyl substitution in 6 results in anPolyethers containing coumarin dimer compo- increased rate for both reactions which can be at-nents in the main chain were irradiated repeat- tributable to its electron-releasing property. Pho-edly with 254 and 350 nm (or 300 nm) light to topolymerization is faster under 300 nm lightinvestigate their reversible photoreaction proper- than under 350 nm, suggesting that absorptionties. For polyethers 5 and 6, the maximum ab- under 300 nm should be more efficient since itsorbance (ABS) and DABS increase with the overlaps partially with the absorption of coumarinnumber of cycles. However, the degenerates of 5 chromophores (lmax Å 320 nm).(ca. 50%) are much greater than of 6 with 4-

methyl substitution (ca. 29%), which has been
explained by the formation of a corresponding per-
cent of coumarin dimer components difficult to

Table IV Photocleavage (254 nm) and
Photopolymerization (300 nm) of 6b in 1,4-
Dioxane

Cyclesa

1 2

Max. ABSb 1.049 0.272
DABSc 0.974 0.196
Degenerate (%)d — 80
Photocleavage energy (J/cm2)e 0.58 7.85
Photopolymerization energy

Figure 6 Absorbance change at 320 nm of 6b in 1,4-(J/cm2)c 7.90 11.09
dioxane (3 1 1005M ) under repeated irradiation with

a–e See footnotes a–e to Table I. (path a) 254 nm and (path b) 300 nm light.
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