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Photosensitive polymers
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Summary

The commercially available monomeric UV absorber 1,3-bis-(4-benzoyl-3-
hydroxyphenoxy)2-propyl methacrylate readily undergoes radical uni- and co-
polymerization to yield polymers which are in the chromophore UV absorbing
region identical in regard to the monomer. The copolymerization parameters
with styrene and MMA, respectively, were determined from *H-n.m.r. and GPC
measurements.

Introduction

For applicational technical uses most polymers have to be protected
against light irradiation by the addition of UV absorbers and antioxidants.
Among the UV absorbers, most of the compounds are hydroxybenzophenone 1,
hydroxybenzotriazole 2, and cinnamic ester 3 derivatives. Many of these com-
pounds have been alkylated in order to increase the solubility in nonpolar
polymers such as poly(ethene) or poly(styrene), or polar substituents are
attached in order to improve interaction with polymers such as poly(acrylo-
nitrile) or PMMA. But since most of the common stabilizers are of low molar
masses, there still is the problem of migration out of the polymer matrix.
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There have already been made attempts to overcome this diffusion prob-
lem by incorporating the UV absorbing moieties into polymers in order to im-
prove long time stability. Some examples of UV absorbing Monomers which un-
dergo radical or condensation polymerization reactions are compiled in Tab.
1. Recently radical copolymerization of methacrylic derivatives of hydroxy-
benzophenone and of tetramethylpiperidine has been published *.

*Dedicated cordially to Prof. Dr. Paul Rempp on the occasion of his 60th birthday
** Author to whom all correspondence should be addressed
***Taken in part from the Diploma Thesis of T.S.W,, Universitat Hannover, 1987
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Table 1: UV absorbing monomers, some literature examples
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We wish here to report on the uni- and copolymerization behaviour of
1,3-bis-(4-benzoyl-3-hydroxyphenoxy)2-propyl methacrylate 14 upon radical
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initiation.
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Results and discussion
Unipolymerization

Surprisingly, in spite of the very bulky substituent to the methacrylo-
yl C=C double bond, monomer 14 readily undergoes radical unipolymerization
reactions of different types. The main problem is to separate the polymer
properly from monomer since there are only few
solvent/nonsolvent systems available. It prov-
ed best to add a THF solution of the polymer-
ization product to a mixture of methanol/acet-
one 2:1 (v:v). After three times of reprecip-
itation all monomer was removed from the poly-
mer (TLC, CHCl,/THF, 20:1, v:v). A quantita-
tive detection of residual monomer can be ob-
tained from GPC, Fig. 1. Monomer and polymer
peaks are well separated.

Absorption

Monomer and polymer 14 show identical UV
absorption as is demonstrated in Fig. 2.; no
wavelenght shifts are observed by converting
the chromophore to a polymer.

Because of only small differences in sol-

15 - 2b » vent solubility of the polymer in respect to

t (min) the monomer, attempts to perform a precipit-

Fig.1: GPC ; _ ation polymerization were of only minor suc-

—a- 1ymeﬁe§ﬁ§aﬁéﬁ2m2ﬁ 32 cess. CCl, proved to be best but the polymer
tends to turn to a rubberlike consistence

which makes it necessary to remove the unpo-

lymerized monomer by repeated repre-

cipitation. After 75 min the conver-

sion from the saturated solution is
as high as 80 %; the molar mass is
higher in solution polymerization.

At photopolymerization condit-
ions without photoinitiator and per-
formed in a Solidex photoreactor us-
ing a mercury high pressure vapour
lamp from Philipps (HPK 125 W), con-
versions were very low even after re-
action times as long as 48 hrs.

From emulsion polymerization ex-
periments in which the monomer was
dissolved in toluene and then emulsi-
fied in water, good polymer yields
were obtained. The organic solvent
was removed by steam distillation and
from the crude collected polymer the
remaining monomer detected by GPC.
Results are compiled in Tab. 2.

Absorplion

7% 30 30
wavelength (nm)

Fig.2: UV spectra of polymer (---)
and monomer (—-) 14 in THF;
{monomer]) = 0,052 g/L,
{polymer] = 0,054 g/L,
d=1cm.
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Table 2: Emulsion polymerization of monomer 14

Entry Initiator Emuls- Buffer Reaction Yield Po- Monomer includ-

ifier time (h)  lymer (%) ed (%,GPC)
1 K;5:04 + + >2 65 1.8
(NH4) 25204 + - 7 65 2.7
(NH,)>S204 - - 5 - 93 8.3

reaction temperature: 60C; N,; 4 g monomer, 50 mL toluene, 100 mL water;
[initiator] = 0.003 mole/L; emulsifier: Na-laurylsulfate; buffer:
Na,H.P0, 2H,0; work up by water steam distillation

X In Fig. 3, solution polym-
erization of monomer 14 in
THF acting as solvent runs
normally. The curves do not
arise from the origin be-

/
///;/// //::::’ cause of warming up the re-
i o ,//f/) action solution before po-
//C}/:<i/// lymerization begins. How-
JE 2 ever, it has been checked
1 /<; independantly that no inhi-
a bition occurs when polymer-
a ization is carried out in
= o pros e = — small scale experiments.
polymerization time (min)
Fig. 3: Solution polymerization of 14, THF, argon,
60c; [14] = 0.145 mole/L; [AiBN]-10“ mole/L:
.= 2.92; + = 4.87; * = 10.96; o = 24.6;
conversions were determined by GPC.
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Copolymerization with styrene and with MMA

Both monomers styrene as well as methyl methacrylate copolymerize with
monomer 14 to yield random copolymers. In the experiments, copolymer compo-
sition was determined from *H-n.m.r. measurements of the isolated copoly-
mers as well as from GPC analysis of the relative comonomer proportion in
the copolymerization mixture. The results differ slightly because of some
uncertainties in peak integration, see Tab. 3. For the GPC analysis, sty-
rene and MMA were detected at the absorption maximum at 250 nm, the monomer
14 was registered at 327 nm where styrene and MMA are transparent. The co-
monomer mixtures were calibrated with the absorptions of the pure moncmers
at different concentrations.

The copolymerization parameters were calculated from Mayo-Lewis and
from Fineman-Ross plots and were also calculated according to Kelen and Ti-
dos %, the latter values being collected in Tab. 3. The copolymers are sol-
uble in common organic solvents and show almost the same solution proper-
ties as poly(styrene) or PMMA unipolymers. Molar masses from osmosis meas-
urements are in the 200.000 to 300.000 region and confirm a regular radical
copolymerization mechanism.
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Table 3: Radical copolymerization of monomer 14 with styrene and with MMA

Monomer M, = Styrene Monomer M, = MMA
Entry X Ynmr ngc Entry X Ynmr ngc
1 3.62 1.84 1.92 1 4.07 3.63 3.79
2 1.86  1.46 1.47 2 2.10  2.03 1.99
3 0.80 0.9 0.77 3 1.00 1.18 1.08
4 0.44 0.69 0.71 4 0.48 0.65 0.37
5 0.16 0.42 0.30 5 0.20 0.29 0.20
nmr gpc nmr gpc
r, r, r. r, r r ry r;
Fineman-Ross 0.27 0.22 0.31 0.34 0.78 0.55 0.89 0.89
Kelen-Tidés 0.29 0.25 0.33 0.37 0.82 0.60 0.60 0.93

X = [Ml]o/[Mz]o 3 Y = m./m, ; 60C; AiBN; THF; conversion 4-11 %
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Fig.4: UV spectra of poly(14) Fig.5: UV spectra of poly(14)
== (---) and of poly{14-co- (---) and of poly(14-co-
styrene) (—) in THF MMA) (—) in THF

Here again, in Figs. 4 and 5 the UV spectra of the copolymers of monomer 14
either with styrene or with methyl methacrylate are identical in regard to
the unipolymer poly(14). An estimation from the r-parameters shows that the
composition of the copolymers can be varied widely thus giving the opportun-
ity to change the UV absorber proportion in the copolymers over the whole
scale.
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Experimental

Monomer 14 was supplied by Riedel-de Haen AG, Seelze, purity 99.0 %,
and used without further purification.

Styrene and methyl methacrylate were purified and stored according to
the literature '*.

AiBN as initiator was recrystallized twice from diethyl ether. All sol-
vents were carefully dried and stored under argon.

Solution polymerization and copolymerization reactions were carried out
in septum sealed ampoules under argon.

The UV spectra were recorded by means of a Perkin-Elmer Lambda 5 spec-
trometer.

The *H-n.m.r. spectra were recorded on a Bruker WP 80 SY instrument.

Molar masses were determined by membrane osmometry using a Knauer in-
strument. GPC measurements were performed with a Spectra Physics SP 810Q in-
strument and a column combination of 50 A - 100 R (PL-gel 5 um) ~ 100
(Waters ultrastyragel) at 40C with THF as solvent.

Acknowledgements
The authors gratefully acknowledge the financial support given by Nie-

dersédchsischer Minister fir Wissenschaft und Kunst and by Fonds der Chemi-
schen Industrie.

References

1. G.Dai, X.Qin, S.Wu, Chin. J. Polym. Sci. 5, 125 (1987)
2. S.Yoshida, 0.Vogl, Makromol. Chem. 183, 259 (1982)
3. US P. 3.399.173 (1968), J.R.Geigy; invent. H.Heller, J.Rody, E.Keller
4. S.Tocker, Makromol. Chem. 101, 23 (1967)

5. Belg. P. 629.109 (1963), E.I.DuPont de Nemours and Co.; invent. S.Tocker
6. 7.0sawa, K.Matsui, Y.Ogiwara, J. Macromol. Sci.-Chem. A1, 581 (1967)
7. Z.0sawa, M.Suzuki, Y.Ogiwara, T.Sugaya, K.Hirama, T.Kasuga, J. Macromol.

Sci.-Chem. A5, 275 (1971)

8. M.Patel, J.S.Patel, M.R.Patel, M.M.Patel, J. Macromol. Sci.-Chem. A23,
1363 (1986)

9. D.Bailey, D.Tirrell, C.Pinazzi, 0.Vogl, Macromolecules 11, 312 (1978)

0. J.Fertig, A.B.Goldberg, M.Skoultchi, J. Appl. Polym. Sci. 10, 663 (1966)

1. US P. 3.186.968 (1965), National Starch and Chemical Corp.; invent. J.
Fertig, M.Skoultchi

12. US P. 3.365.421 (1968), American Cyanamid Corp.; invent. R.L.Horton,
H.G.Brook

13. US P. 3.391.110 (1968), American Cyanamid Corp.; invent. R.A.Coleman

14. T.Kelen, F.Tudds, J. Macromol. Sci.-Chem. A9, 1 (1975)

15. D.Braun, H.Cherdron, W.Kern, Praktikum der makromolekularen organischen
Chemie, Hiithig Verlag, Heidelberg, 3. Aufl., 1979, p.62 f.

Accepted January 12, 1989 C



