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Abstract

Two novel yellow—green emitting adducts of 2-(2-hydroxyphenyl)-benzotriazole and liehisgquinoline-1,3-dione, have been syn-
thesized for the first time by combination of benzotriazole UV absorber and 1,8-naphthalimide fluorescent unit in one molecule. The new
compounds have shown very good photostabilizing efficiency, indicating a high potential for simultaneously dyeing and stabilization of poly-
mer materials. The chemical bonding of the synthesized monomers in the polymer chain was confirmed spectrophotometrically. The influenc
of these additives on the photostability of the co-polymers was studied. The participation of combined molecules in the polymerization did
not affect considerably the co-polymers’ molecular weight.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 3-dione molecule could provide the capability of covalent
bonding to the polymer chain. During the last years, some
Fluorescent benzdflisoquinoline-1,3-diones due totheir  polymerizable 6-substituted-bendefisoquinoline-1,3-
good spectral properties have found application in a numberdione derivatives have been synthesized and investigated
of areas including laser active medlij, potential photosen-  for their ability to co-polymerize with different monomers
sitive biologically units[2], fluorescent markers in biology [6a,6d,8c,9b,11]The advantage of using polymerizable dyes
[3], analgesics in medicingt], light emitting diodeg[5], over conventional dyes is that the dye becomes chemically
photo-induced electron sensdf, fluorescence switchers bonded to the polymer. The dye, therefore, cannot be ex-
[7], electroluminescent materid], liquid crystal displays  tracted from the polymer. The solvent-fastness of a polymer
[9] and ion probe$10]. The comparatively low molecular  colored with a polymerizable dye is, as a consequence,
mass of the benzdfisoquinoline-1,3-dione dyes as wellas much greater than a polymer colored with conventional
their high photostability and intensive fluorescence makes dyes[12].
these dyes preferable to other types of disperse and covalently Photostability of the polymers is one of their most impor-
bound dyes for coloration of polymers. The introduction of a tant properties. To solve the problem of polymer stabilization,
polymerizable allyl group into the benzidisoquinoline-1, a number of different stabilizers have successfully been ap-
plied[13]. Among them, 2-hydroxyphenylbenzotriazole UV
absorbers are of a great interest due to their high photosta-
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are supposed to dissipate the absorbed energy in a harmlesilerck) was distilled under reduced pressure in nitrogen
manner, i.e. to convert the absorbed photon energy into heatatmosphere before use. Dibenzoylperoxide (DBP, Fluka,

without being chemically affecteld 4].
A combination of 2-(2-hydroxyphenyl)-benzotriazole UV
absorber and 6-amino-substituted bengh$oquinoline-

99.6%) re-crystallized from chloroform was used as an
initiator of the free radical co-polymerization. All solvents
(Fluka, Merck) were of p.a. or analytical grade.

1,3-dione units in one molecule could result in a new type

of fluorescent dyes (FDs) capable of photostabilizing the 5 5 Methods

polymer materials. In this paper, we report the synthesis

of novel yellow—green emitting benaijisoquinoline- FT-IR spectra were recorded on a Bruker IFS-113

1,3-diones 4,7 (Scheme J, containing an allyl group  gpectrometer at 2 cmt resolution using KBr discs. ThEH

and a 2-(2-hydroxyphenyl)-benzotriazole fragment, and \yRr spectra (chemical shifts are given&# ppm) were

their potential for simultaneously chemically dyeing and (ocorded on a Bruker DRX-250 spectrometer, operating at

photostabilization of side-group co-polymers. In order 550 13 MHz. The UV-vis spectrawere recorded on a Hewlett

to receive a more complete comparative picture for the paciard 8452A spectrophotometer with 2 nm resolution at

influence of the benzotriazole fragment in the molecule of temperature in chloroform. The fluorescence spectra

the examined compounds on the polymer photostability, & \yere taken on a SFM 25 spectrophotometer (KONTRON

benzofigisoquinoline-1,3-dione derivatii(not containing jnsiruments). Fluorescence quantum yields were determined

a2-(2-hydroxyphenyl)-benzotriazole moiety inits molecule) 4, the pasis of the absorption and fluorescence specira.

and 2-(2-hydroxyphenyl)-benzotriazole derivati@snd10 Rhodamine 6G was used as standabg < 0.88). TLC was

(not C(_)ntaining a benzd[e]isoquinoline-1,3—dione moiety performed on silica-gel, Fluka F60254, 220, 0.2 mm,

in their molecules), synthesized befof8c,15,16] was  ging as eluant the solvent systemieptane/acetone (1:1).

involved in the present stud¢heme 1 The melting points were determined by means of a Kofler
melting point microscope.

2. Experimental

2.3. Synthesis of monomers
2.1. Materials

2.3.1. General preparation procedure for intermediates

The starting 2-(2-hydroxyphenyl)-5-amino-benzotriazole 3 and6

1 [15] and 2-(2-hydroxy-3-amino-5-methylphenyl)- A suspension of 4-nitro-1,8-naphthalenedicarboxylic acid
benzotriazole5 [16] as well as 4-nitro-1,8-naphthalic  anhydride2 (15 mmol) and benzotriazol&,5 (15 mmol) in
anhydride2 [3,9c] were prepared according to the reported 90 ml of glacial acetic acid was stirred at 1X0for 8 h. The
procedures. Allylamine (Fluka), p.a. grade, was used with- crude product that precipitated on cooling was filtered off,
out purification. Commercial methyl methacrylate (MMA, washed with water and treated with 50 ml of 5% aqueous
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sodium carbonate. The solid phase was filtered off, washedwater and the precipitated product was filtered off and

with water and dried. Re-crystallization from acetic acid af-
forded the intermediatgor 6 as pale yellow—brown crystals.

2.3.1.1. 2-[2-(2-Hydroxy-phenyl)-2H-benzotriazol-5-yl]-6-
nitro-benzo[de]isoquinoline-1,3-dione 3); FT-IR (KBr),
cm~1: 3160 ¢OH); 3078 ¢CH=); 1712 ¢?C=0); 1673
(v’C=0); 1596 ¢C=C); 1528 {*NO,); 1369 ESNOy);
1344 N—C—N).

1H NMR (250.13 MHz, CDG4} + DMSO-ds) ppm: 11.09
(s, 1H, OH); 8.87 (d, 1HJ=8.7 Hz, benza]disoquinoline
7-H); 8.76 (d, 1H,J=7.4Hz, benzaldisoquinoline 9-H);
8.72 (d, 1H,J=8.0Hz, benzdajgisoquinoline 5-H); 8.43
(d, 1H, J=7.6Hz, phenyl 6-H); 8.42 (d, 1H)=8.0Hz,
benzofldisoquinoline 4-H); 8.36 (dd, 1H,J=9.0Hz,
J=1.4Hz, benzotriazole 6-H); 8.07 (d, 1H=9.0Hz,
benzotriazole 7-H); 8.02 (dd, 1H]=8.7Hz, J=7.4Hz,
benzofidisoquinoline 8-H); 7.93 (d, 1H)= 1.4 Hz, benzo-
triazole 4-H); 7.35 (dd, 1H])=8.9 Hz,J= 1.8 Hz, phenyl 5-
H); 7.17 (dd, 1H,)=8.3 Hz,J= 1.1 Hz, phenyl 3-H); 7.03,
1H, phenyl 4-H).

Elemental analysisCalculated for G4H13Ns0O5 (MW
451.39) C 63.86, H 2.90, N 15.52%; found C 64.12, H 2.85,
N 15.61%.

2.3.1.2. 2-(3-Benzotriazol-2-yl-2-hydroxy-5-methyl-phe-
nyl)-6-nitro-benzo[delisoquinoline-1,3-dione 6)( FT-IR
(KBr), cm~1: 3180 ¢OH); 3070 ¢CH=); 1710 ¢2C=0);
1674 p3C=0); 1598 ¢C=C); 1540 $@NOy); 1360 ¢°NOy);
1336 ¢N—C—N).

H NMR (250.13MHz, CDC}+DMSO-¢s) ppm:
11.59 (s, 1H, OH); 8.90 (dd, 1H)=8.8Hz, J=0.9 Hz,
benzofidisoquinoline 7-H); 8.81 (dd, 1H,J=7.4Hz,
J=0.9Hz, benzdldgisoquinoline 9-H); 8.77 (d, 1H,
J=8.1Hz, benzdjdgisoquinoline 5-H); 8.48 (d, 1H,
J=8.0Hz, benzaldisoquinoline 4-H); 8.41 (d, 1H,
J=1.4Hz, phenyl 4-H); 8.08 (dd, 1H,=8.7Hz,J=7.4 Hz,
benzofidisoquinoline 8-H); 7.92 (dd, 2H,J=9.7 Hz,
J=3.1Hz, benzotriazole 4-H and 7-H); 7.51 (dd, 2H,
J=9.7Hz,J=3.1Hz, benzotriazole 5-H and 6-H); 7.24 (d,
1H,J=1.9Hz, phenyl 6-H); 2.50 (s, 3H, Gj

Elemental analysisCalculated for GsH15NsO5 (MW
465.42) C 64.52, H 3.25, N 15.05%; found C 64.80, H 3.19,
N 15.16%.

2.3.2. General preparation procedure for fluorescent
dyes4 and7

To a solution of intermediat8 or 6 (5mmol) in 50 ml
of DMF 0.43g of allylamine ¢=0.76, 7.5mmol) was
added at room temperature. After 36 h (TLC control in
a solvent systern-heptane:acetone =1:1), the resulting
solution was poured into 300 ml of water. The precipitate

dried. Re-crystallization from ethanol-water (50:50 vol.%)
afforded 1.57g of 6-allylamino-2-[2-(2-hydroxy-phenyl)-
2H-benzotriazol-5-yl]-benzdgisoquinoline-1,3-diond or
1.66g of 6-allylamino-2-(3-benzotriazol-2-yl-2-hydroxy-
5-methyl-phenyl)-benzdisoquinoline-1,3-dione 7 as
yellow—orange crystals.

2.3.2.1. 6-Allylamino-2-[2-(2-hydroxy-phenyl)-2H-benzo-
triazol-5-yl]-benzo[de]isoquinoline-1,3-dione 4) FT-IR
(KBr), cm~1: 3178 (¢OH); 3369 ¢NH); 3080 (CH=); 2922
(vCH); 1696 ¢3C=0); 1657 ¢°C=0); 1584 ¢C=C); 1365
(VN—C—N).

'H NMR (250.13MHz, CDGC}+DMSO-¢5) ppm:
11.20 (s, 1H, OH); 8.60 (dd, 2H)=8.5Hz, J=7.2 Hz,
benzofldisoquinoline 7-H and 9-H); 8.44 (d, 1d~ 8.5 Hz,
benzofidisoquinoline 4-H); 8.38 (dd, 1H,J=8.3Hz,
J=1.3 Hz, benzotriazole 6-H); 8.07 (d, 18+ 9.0 Hz, phenyl
6-H); 7.94 (d, 1H,J=1.0Hz, benzotriazole 4-H); 7.66
(dd, 1H, J=8.2Hz, J=7.6 Hz, benzdajdiso-quinoline 8-
H); 7.40 (m, 2H, benzotriazole 7-H and phenyl 5-H); 7.21
(dd, 1H,J=8.3Hz,J=1.1 Hz, phenyl 3-H); 7.08 (td, 1H,
J=8.3Hz,J=1.2Hz, phenyl 4-H); 6.71 (d, 1HI=8.6 Hz,
benzofigisoquinoline 5-H); 6.02, 1H, allyl CH=); 5.35
(dd, 1H,Jans=17.3Hz,J=1.3 Hz, allyltrans=CHy); 5.27
(dd, 1H,J;is=10.3Hz,J=1.3 Hz, allylcis=CHy); 4.12 (d,
2H,J=4.9Hz, allyl NChH); 3.51 (br.s, 1H, allyl NH).

Elemental analysisCalculated for G7H19NsO3 (MW
461.47) C 70.27, H 4.15, N 15.18%; found C 70.60, H 4.21,
N 15.06%.

2.3.2.2. 6-Allylamino-2-(3-benzotriazol-2-yl-2-hydroxy-5-
methyl-phenyl)-benzo[de]isoquinoline-1,3-diofig (FT-IR
(KBr), cm~1: 3380 ¢NH); 3166 (/OH); 3078 {CH=); 2920
(vCH); 1700 ¢$25C=0); 1662 {C=0); 1592 ¢C=C); 1338
(VN—C—N).

1H NMR (250.13 MHz, CDC4) ppm: 11.58 (s, 1H, OH);
8.67 (dd, 2HJ)=8.2Hz,J=7.5Hz, benzdajdisoquinoline 7-
H and 9-H); 8.60 (d, 1HJ=8.3 Hz, benzajdisoquinoline
4-H); 8.40 (d, 1H,J=1.2Hz, phenyl 4-H); 7.92 (dd, 2H,
J=9.5Hz,J=2.9 Hz, benzotriazole 4-H and 7-H); 7.70 (dd,
1H,J=8.2Hz,J=7.5Hz, benzaldisoquinoline 8-H); 7.47
(dd, 2H,J=9.6 Hz,J=3.0 Hz, benzotriazole 5-H and 6-H);
7.01 (d, 1HJ=1.7 Hz, phenyl 6-H); 6.70 (d, 1H,=8.3 Hz,
benzofidisoquinoline 5-H); 6.08 1, 1H, allyl CH=); 5.29
(dd, 1H,Jrans=17.3Hz,J=1.4 Hz, allyltrans=CHy); 5.16
(dd, 1H,J¢is=10.5Hz,J=1.3 Hz, allyl=CHy); 4.30 (dd, 2H,
J=5.2Hz,J=1.5Hz, allyl NCH); 2.49 (s, 3H, CH); 1.70
(br.s, 1H, allyl NH).

Elemental analysisCalculated for GgH21NsO3 (MW
475.50) C 70.73, H 4.45, N 14.73%; found C 71.04, H 4.39,
N 14.81%.

was filtered off and washed with water. The crude product 2.4. Synthesis of polymers

was dissolved in a mixture solvent of minimum water

and ethanol (100ml), and the undissolved residue was

fitered off. The filtrate then was diluted in 100 ml of

The radical co-polymerization of the FBs7 and8 as well
as monomeric stabilizeBsand10with MMA was carried out
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in ampoules, previously purged with dry and pure nitrogen. Polystyrene calibration was used for all molecular weight
The process of co-polymerization was conducted &t7for calculations.

12 hinthe presence of 0.1 wt.% of the monomeric compounds

4, 7-10and 0.5 wt.% of DBP. The transparent side-chain co-

polymers thus obtained were several times re-precipitated3. Results and discussion

with ethanol from toluene until the filtrate was colorless.

The precipitated co-polymers were repeatedly washed with  The aim of the present study was to synthesize
ethanol, recovered by filtration and dried in vacuum to con- 1 8-naphthalimide fluorescent dyes, containing a 2-(2-

stant weight. All spectrophotometric measurements were car-hydroxyphenyl)-benzotriazole stabilizer fragment and a

ried out with precipitated polymers. polymerizable allyl group for simultaneously chemically
dyeing and stabilization of PMMA. It was of interest to ob-
2.5. Photodestruction of Co_p0|ymers tain combined Compounds in which the l,8-naphthalimide

unit is situated at a different position (at the benzotriazole or

The studies on the photodegradation of the fluorescentat the 2-hydroxyphenyl moiety) with a view to study the posi-
co-polymers were performed in a solar simulator SUNTEST tion effect of the benzalglisoquinoline-1,3-dione fragment
CPS equipment (Heraeus, Germany), supplied with an air-On the absorption properties of the 2-(2-hydroxyphenyl)-
cooled Xenon lamp (Hanau, 1.1 kW, 765 W), protected ~ benzotriazole UV absorbers.
with an adequate filter to simulate the solar spectrum between
290 and 800 nm. The photodestruction of the co-polymers
was followed by measuring the changes in the molecular
weight (weight-averag®l,, and number-averagkl,) and
polydispersity My /M) before and after irradiation of their
solid films using GPC. The polymeric films of poly(MMA-
co-FD)s and PMMA were of 6@m thickness.

3.1. Synthesis

The synthesis of 2-[2-(2-hydroxyphenyl)-2H-benzo-
triazol-5-yl]-benzofligisoquinoline-1,3-diond is displayed
in Scheme 21sing a procedure described befft&].

In order to obtain fluorescent 1,8-naphthalimide dyad
functionalize it with a polymerizable group, the nitro group in
2.6. Determination of polymer molecular weights the intermediat8 was nucleophilic substituted with the com-

mercially available allylamine in DMF at room temperature

The polymer molecular weights were determined on a for 36 h[9c].

GPC Waters 244 apparatus equipped with a combination of = The intermediate compourglvas obtained by condensa-
100, 10004, linear Ultrastyragel columns; the solvent was tion of 2-(2-hydroxyphenyl)-5-amino-benzotriazdlewith
THF at a flow rate of 1.0 mI mint at 45°C. Both differential 4-nitro-1,8-naphthalic anhydrid2 in glacial acetic acid at
refractive index and UV-vis absorption detectors were used. 110°C for 8 h (Scheme B The results obtained showed that
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the strong electron-accepting nitro group considerably im- quantum yields of fluorescencég). The data are presented
prove the reaction ability of the starting 1,8-naphtalic anhy- in Table 2
dride2. The absorption spectra of the compourdlqFig. 1)

In order to study the position effect of the and 7 (Fig. 2 clearly show the participation of both
benzofidisoquinoline-1,3-dione fragment on the absorption UV absorber and 1,8-naphthalimide units in the combined
properties of the 2-(2-hydroxyphenyl)-benzotriazole UV molecules. Benzotriazole fragments absorb in the UV region
absorbers, a new combined molecule was synthesizedat 11 =336-342nm, while the benztdliso-quinoline-1,3-
(7), in which the 1,8-naphthalimide unit is linked to the dione absorption is shifted from UW.§=350-351 nm, in-
2-hydroxyphenyl moiety of the benzotriazole ring system. termediates, 6) to visible region at., =422-424 nm (FDs

The novel yellow—green emitting UV absorbéf) (vas 4 and7), which is surely connected with the substitution of
synthesized in two steps as was already described above irthe electron-withdrawing nitro group.
the synthesis of compourt{Scheme % The position effect of the benzblisoquinoline-1,3-

All of the synthesized compounds were characterized by dione fragment on the absorption properties of the 2-(2-
their melting points, TLC R values) and UV—vis spectra  hydroxyphenyl)-benzotriazole can be seen in the UV-vis
(Table 7 and identified by elemental analysis data, FT-IR spectrafigs. 1 and 2
and'H NMR spectra. Dyed and7 were additionally charac- The absorption maximum of benzotriazdleis 36 nm
terized by fluorescence maxima, Stokes shifts ve) and bathochromically shifted than those of benzotriazol€his

Table 1

Yields and characteristic data of benzotriazdlgs, 9 and10and 2-[2-(2-hydroxyphenyl)-2H-benzotriazol-5-yl]-benddfsoquinoline-1,3-diones, 4, 6 and
7 in a chloroform solution

Compound Yield (%) mp°C) Re A3 (nm) loge (Imol~tem™1) 122 (nm) loge (Lmoltcem1)
1 76 211-2 0.48 360 4.26
3 62 >260 0.47 342 4.47 351 4.40
4 68 >260 0.44 338 4.38 424 4.10
5 81 213-6 0.51 324 4.27
6 69 >260 0.49 342 4.42 350 4.34
7 72 144-5 0.45 336 4.31 422 4.02
o 89 127-9 0.49 342 4.14
10° 87 133-5 0.49 348 4.12

@ 11 andx represent the absorption maxima of 2-(2-hydroxyphenyl)-benzotriazole and telismjuinoline-1,3-dione units in the combined molecules,
respectively.

b Synthetic details for compoun@sand10were reported in the previous works5,16]
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Table 2
Photophysical characteristics of compouddg and8 in a chloroform solution
Compound Aa (nm) loge (Imol~tcm™1) Ae (nm) va — g (cm™1) OF
4 424 4.10 516 4205 0.62
7 422 4.02 512 4165 0.66
8 420 4.06 508 4124 0.63
—— Benzotriazole (1) ~ 40 3,0 1 Benzotriazole (5) ~ 40
Intermediate (3) i 1 ~ T Intermediate (6)
=) S =)
Dye L30 2 L30 2
g Z £ 2 z
£ F r20 2 g 20 &
Q = =] —
2 r £ < =
< 51 3
10 3 10 &
g £
L = =
::.\. [ P
o 0
— T T T T T T T 7 — T v T T T T T T T T 1T
300 350 400 450 500 550 600 300350 400 450 500 550 600
Wavelength, nm Wavelength, nm

Fig. 1. UV-vis spectra of compounds3 and4 and fluorescence emission ~ Fig- 2. L_JV_ViS spectra of cor_npounBsG and7 and fluorescence emission
of dye4 in a chloroform solution. of dye7 in a chloroform solution.

may be related to the position of the electron-donating amino
group in the benzotriazole moiety, and in this connection, to
the increased strength of the intramolecular hydrogen bond.
In the benzotriazol®, the amino group is situated in the 2-
hydroxyphenyl moiety, which leads to decreased strength of
the intramolecular hydrogen bond. In confirmation of the dis-
cussed above, after acylation with 1,8-naphthalic anhydride
(intermediate8 and6) the electron-donating activity of the
amino group decrease strongly and the benzotriazole absorp
tion of compound8 and4 is shifted hipsochromically, while
those of compound8 and7 — bathochromically.

Data presented iffable 2shows that the different sub- 3.2. Polymerization
stituents at th&-imide atom have a small effect on both the
absorption and the fluorescence maxima. Stokes shift and The applicability of the new fluorescent compounds for
quantum yield of fluorescencer values were common for ~ simultaneously coloring and stabilization of polymers was
this class of 1,8-naphthalimide derivatii@s]. The Stokes  examined on the basis of their ability to co-polymerize with
shift is a parameter that indicates the differences in the prop-methyl methacrylate (MMA). The co-polymerization pro-
erties and structure of the fluorophores between the groundcess was conducted under conditions used with other similar
stateS and the first excited stag. The Stokes shifts (crt) benzoflgisoquinoline-1,3-dione derivativgd8]. Transpar-

The ability of the molecules to emit the absorbed light en-
ergy is characterized quantitatively by the fluorescence quan-
tum yield. Comparison of the fluorescence quantum yields
of 6-allylamino-2-(4-methylphenyl)-benzdglisoquinoline-
1,3-dioneBwith those of compoundsand? (they are approx-
imately the samelable J clearly show that the combination

of the two different structural units (compountiand7) does

not result in their interaction as an intramolecular quenching
due to an electronic energy transfer.

were calculated by Eq1). ent fluorescent co-polymers have been obtained. To receive
1 1 a complete comparative picture for the influence of the

VA — VF = ( _ ) % 107 (1) 2-(2-hydrox;_/phenyl)-benzotriazole moiety in the molecu_l_es
An AF of the examined compounds on the polymer photostability,

Table 3

Spectrophotometric data for co-polymers of MMA with monomeric compodn@s10in a chloroform solution

Polymer Aa (NnmM) Af (Nm) va — vE (cm™) PE Yield (wt.%) Chem. bonded monomer

(wt.%/mol x 10~4)

PMMA 90

Poly(MMA-co-4) 428 518 4059 0.68 74 0.071/1.54

Poly(MMA-co-7) 426 516 4094 0.69 83 0.080/1.68

Poly(MMA-co-8) 422 512 4165 0.67 85 0.084/2.45

Poly(MMA-co0-9) 346 78 0.079/2.00

Poly(MMA-co-10) 350 83 0.081/1.98
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Table 4
Molecular characteristics of poly(MMA-cd; 7-10)s and PMMA before and after of 12 h irradiation

Before irradiation After irradiation A

Myo x 1075 Mno x 1075 Mwo/Mno My x 1075 Mp x 1075 Mw/Mp,
Poly(MMA-co-4) 2.43 1.28 1.9 2.42 1.24 2.0 0.032
Poly(MMA-co-7) 2.56 1.35 1.9 2.52 1.29 2.0 0.047
Poly(MMA-co-8) 2.60 1.41 1.8 2.18 0.90 24 0.567
Poly(MMA-co-9) 2.49 1.30 1.9 2.50 1.27 2.0 0.024
Poly(MMA-co-10) 2.55 1.33 1.9 2.53 1.29 2.0 0.031
PMMA 2.72 1.61 1.7 2.29 0.74 3.1 1.176

co-polymers of the benzdflisoquinoline-1,3-dione8 and decrease of emissionless processes and is obviously related
2-(2-hydroxyphenyl)-benzotriazole® and 10 with MMA to the bonding of the fluorophores to the polymer chain.
were also obtained. The polymer yields were 74—85 wt.% for
poly(MMA-co-4, 7-10s and 90 wt.% for PMMA Table 3. 3.3. Photostability of PMMA and co-polymers
It can be seen that monomer compouddasd7-10did not
affect significantly the process of the co-polymerization. The influence of the monomers 7-10 upon the pho-
UV-vis spectroscopic and TLC techniques proved the todegradation of PMMA was studied by GPC with prior ir-
presence of a covalent bond between the monomeric FD unitsradiation of their co-polymers with MMA in a SUNTEST
and the polymer chain. The unprecipitated co-polymers (they CPS equipment for 12h. The number of chain breaks per
comprise also some amount of unreacted monomers), precipmoleculeA was calculated by Eq2) where Mpo and M,
itated co-polymers, monomeric compoudgdg—10and mix- are the number-average molecular weights before and after
tures of a homopolymer with the same monomers were stud-irradiation, respectivelj19].
ied by TLC. After the chromatography development, it was
established that the monomers in the mechanical mixturesA = —° — 1 2)
(a mechanical blend of both homopolymer and monomer) n
moved at the same speed as the monomeric compounds did The results are listed ifable 4 As it is seen poly(MMA-
and had the same values of retention fad®r(Table J), co4, 7, 9 and 10)s did not change significantly their poly-
while the monomers in the co-polymers, where they should dispersity and molecular weight distribution while the same
be chemically bound, remained at the start together with the values for poly(MMA-co8)s and especially for PMMA de-
polymer & = 0). This indicates the different absorbencies of creased strongly. FB, not containing a benzotriazole unit,
bound and unbound monomers and qualitatively confirms the displayed passable photostabilizing efficiency as a result of
binding of the combined compounds to the polymer chain. re-emitting the absorbed UV light as a long wave visible flu-
The UV-vis absorption spectra of the precipitated orescent emission.
polymers had similar absorption maxima as the monomeric  The stabilizer compound8 and 10, not containing a
compounds, showing that the basic chromophore did benzofigisoquinoline-1,3-dione fragment, showed the best
change, neither during the polymerization nor as a result of stabilizing efficiency among the tested compounds. However,
its bonding to the polymer chain. This is why the percentage their mole content in the co-polymer was higher than those
of the chemically bonded monomers in the polymer chain of the combined compoundsand7 (Table 3. Therefore,
was determined spectrophotometrically using the method of we can suppose that the efficiency against photodegradation
the calibration curveTable 3. of the compoundd, 7, 9 and10is approximately the same
The synthesized polymers were soluble in the solvents and the contribution of the benzig|isoquinoline-1,3-dione
common for the PMMATable 3presents the data obtained moiety in the combined compoundsand7 to the polymer
from the absorption and fluorescence spectra of the side-photostability is negligible.
group co-polymers in a chloroform solution. The absorption ~ The high photostabilizing efficiency of the compounds
Aa and fluorescencer maxima of the poly(MMA-co-FDs 4, 7, 9 and 10, containing a 2-hydroxyphenylbenzotriazole
4, 7 and 8)s have been observed at 422-428 nm and at fragment, can be related to a rapid excited state intramolec-
512-518 nm, respectively, while the absorptignmaxima ular proton transfer (ESIPT) between the phenolic hydroxyl
of the poly(MMA-c09, 10)s have been at 346—-350 nm. They group and the benzotriazole nitrogen when the compounds
were very similar to those of the monomeric compounds are excited into the benzotriazole absorption bg@g21]
in the same solvent indicating further the preservation of  The data obtained manifest the potential of the novel
the chromophoric system during the co-polymerization. benzofigisoquinoline-1,3-dioned and7 for simultaneously
The poly(MMA-co-FDs 4, 7 and 8)s’ quantum yield of coloring and stabilization of PMMA. They improved con-
fluorescence @ =0.67—-0.69) was higher than that of the siderably the co-polymer photostability in spite of their low
corresponding monomeric FDs. This is connected with the content in the co-polymer. On the other hand, there was not
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a substantial difference in the photostabilizing efficiency of
the novel compounds.

4. Conclusions

As a result of this investigation, it can be assumed
that the novel compoundé and 7 a combination of a 2-
(2-hydroxyphenyl)-benzotriazole UV absorber and a poly-
merizable group through the molecule of the fluorescent
benzofigisoquinoline-1,3-dione were successfully synthe-
sized. The position effect of the bende]isoquinoline-1,3-
dione fragment on the absorption properties of the 2-(2-
hydroxyphenyl)benzotriazole was investigated spectropho-
tometrically. The new compounds were suitable for prepar-
ing PMMA-based co-polymers with intensive yellow—green
fluorescence and high photostability.
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