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SUMMARY 

Polymerizable 2(2-hydroxyphenyl)2H-benzotriazole ultra- 
violet absorbers have the normal hydrogen bonded ~ maximum at 
340 nm. When more than one ortho-hydroxy group capable of hy- 
gen bonding is present in the molecule the extinction coeffi- 
cient increases dramatically; the fluorescence spectra are 
also affected. It is expected that these compounds are very 
effective ultraviolet stabilizers. 

INTRODUCTION 

2(2-Hydroxyphenyl)2H-benzotriazole derivatives have been 
extensively studied because they are excellent ultraviolet 
absorbers and effective photostabilizers for polymer materials. 
The stabilizing mechanism of these types of compounds is based 
on the formation of intramolecular hydrogen-bonds between the 
ortho-hydroxyl group of the phenyl ring and the nitrogen atom 
of the benzotriazole moiety. The intramolecular hydrogen bond 
has been found to be the most important structural element 
that provides photostability [2]. In photoexcited 2(2-hydro- 
xyphenyl)2H-benzotriazole molecules, a mechanism exists which 
dissipates the energy of the photoexcited state into vibratio- 
nal energy, based on the rapid tautomerism of the excited 
species [1-3]. 

When ultraviolet absorbers are irradiated with light 
(according to Foerster's theory [4]), the relative increase of 
the acidity/basicity relationship of intramolecular proton- 
donor/accepter structures in the excited state causes proton 
transfer and consumes absorbed energy from the photoexcited 
state, preventing excitation of the substrate which ultimately 
results in the photostabilization of the material. 

In order to improve the efficiency of photostabilizing com- 
pounds which can lead to their practical application, two typi- 
cal approaches have been used. 
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The most efficient class of modern photostabilizers have 
the 2(2-hydroxyphenyl)2H-benzotriazole as the chromophore. 
One approach to further the understanding of how these type of 
ultraviolet absorbers function is to synthesize selected multi- 
hydroxy and/or multibenzotriazole substituted 2(2-hydroxy- 
phenyl)2H-benzotriazoles in an effort to enhance the intramole- 
cular hydrogen bonding of the molecule with the expectation to 
increase the photostabilizing capability of the ultraviolet 
absorber [5-7]. 

The other approach is to synthesize 2(2-hydroxyphenyl) 
2H-benzotriazole derivatives which might have better compa- 
tibility of the ultraviolet stabilizer with the polymeric mate- 
rials [8]. One very efficient way to accomplish this is to 
prepare polymerizable and polymer-bound ultraviolet absorbers 
of the 2(2-hydroxyphenyl)2H-benzotriazole type [8-10]. 

It was the objective of this work to study in detail 
the ultraviolet spectra of a series of "multi" hydroxyl-substi- 
tuted mono-, di- or tri-benzotriazole ultraviolet absorbers 
[11-14] and to evaluate the behavior of 2(2-hydroxyphenyl)2H- 
benzotriazole derivatives which have polymerizable groups as 
one of the substituents. 

EXPERIMENTAL PART 

2(2-Hydroxyphenyl)2H-benzotriazole derivatives with one, 
two or three benzotriazole groups on the same benzene ring 
and compounds with acryloxy-, methacryloxy- or undecenoxy- 
substituents as polymerizable groups attached to the phenyl 
rings were synthesized according to the literature [5,11-14]. 
Their structures are shown in Table i. 

The general structure of the 2(2-hydroxyphenyl)2H-benzo- 
triazole derivatives studied in this work is as follows: 

H 

N 

Y 

Dichloroethane (analytical grade) was used as solvent for 
the measurements of the ultraviolet spectra. The concentrations 
were ixl0 -5 Molar. 

The absorption spectra and fluorescence spectra were measu- 
red at room temperature on a Hitachi 340 UV-VIS Spectrometer 
and a Hitachi MPF-4 fluorescence spectrometer respectively. 
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Table 1 

Sample Name of Compounds X Y R 
No. 

1 2,4-(l,3-dihydroxyphenyl)- -H -H -H 
di(2H-benzotriazole 

2 1,3-(2-Hydroxy-A-acryloxy- -H -H -~-CH=CH 2 
phenyl)-di(2H-benzotriazole) O 

3 1,3-(2-Hydroxy-4-methacryloxy- -H -H -C-C(CH3)=CH 2 
phenyl)-di(2H-benzotriazole) 

4 1,3-(2-Hydroxy-4-undecenoxy- -H -H -~(CH2-~8CH=CH 2 
phenyl)-di-(2H-benzotriazole) O 

5 2,4-(l,3,5-Trihydroxyphenyl)- -OH -H -H 
di(2H-benzotriazole) 

6 2,4-(l,3-dihydroxy-5-acryl- -OH -H -~-CH=CH 2 
oxyphenyl)-di(2H-benzotria- O 
zole) 

7 2,4-(l,3-dihydroxy-5-undecen- -OH -H -~(CH2-~sCH=CH 2 
oxyphenyl)-di(2H-benzotria- O 
zole) 

8 2,4,6-(l,3,5-trihydroxyphe- -OH -Bzt -H 
nyl)-tri(2H-benzotriazole) 

RESULTS AND DISCUSSION 

The absorption spectra of eight 2(2-hydroxyphenyl)2H-benzo- 
triazole derivatives are shown in Figure i; typical absorption 
spectra of 2(2-hydroxyphenyl)2H-benzotriazoles are also shown 
in [15,16]. In all cases, the spectra have similar absorptions 
at 280-300 nm and at 335-350 nm. Previous work had demonstra- 
ted that the absorption at 280 to 300 nm is caused by the 
2-phenyl-2H-benzotriazole structure. As soon as a hydroxyl 
group is introduced into the ortho-position of the linkage of 
the phenyl ring to the benzotriazole ring, the entire 2-phenyl- 
2H-benzotriazole structure changes its character and becomes 
capable of hydrogen-bonding between the hydroxyl group of the 
phenyl ring and the nitrogen atom of the benzotriazole ring. 
This new absorption maximum at longer wavelength (335-350 nm) 
is caused by the hydrogen bonded structure. 

Compounds I, 5 and 8, have two or three benzotriazole 
moieties and in the phenyl ring, at least two hydroxyl- groups 
in ortho-position to the benzotriazoles; consequently only the 
absorption at around 340 nm was observed: the absorption of the 
regular nonhydrogen-bonded 2(2-hydroxyphenyl)2H-benzotriazole at 
280-300 nm had almost dissappeared, or only a shoulder was left. 
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This shoulder may still have a sig- 
nificant extinction coefficient. A 
Compounds 2, 3 and 4 show absorption 
maxima at around 290 nm caused by a6 
the presence of the normal 2-phenyl- 
2H-benzotriazole ring absorption 
which does not form or cannot form 
intramolecular hydrogen bonds. Com- ~5 
pounds 6 and 7, similarly to compo- 
unds I, 5, and 8, have a 2(2-hydro- 
xyphenyl)2H-benzotriazole function- Q4 
ality which is capable of forming 
hydrogen bonds. The polymerizable 
acryloxy- group seems to affect the 
formation of hydrogen bonds and 0~ 
seems to modify the absorption at 
280-300 nm as seen in the absorp- 
tion spectra of compounds I, 5 & 8. ~2 

The molar extinction coef- 
ficients of the 2(2-hydroxyphe- 
nyl)2H-benzotriazole derivatives 
are listed in Table 2. In Figure 
2, the extinction coefficients at 
A ma~ of three compounds (I and 8 
in Table 2 and compound 3 in Fig. 
2 [15]) are plotted as a function 
of the number of hydrogen bonds in 
the molecules. 

The values clearly indicate 
that the intensity of the absorp- 
tion at a maximum of 340 nm is 
determined by the number of the 
ortho-hydroxyl groups which can 6xte -4 
form intramolecular hydrogen 
bonds. The absorption at the ~0 
wavelength of 335-350 nm is at- 
tributed to the formation of hy- 4.0 
drogen bonds between the tria- 
zole nitrogen atoms of the ben- ~0 
zotriazole substituent with the 
orthohydroxy groups of the phe- 2,0 
nyl ring. The increase in the 
number of the benzotriazole ~0 
units and ortho-hydroxyl groups 
in one molecule is one way to 0 
enhance the potential of drama- 
tically increasing the photo- 
stabilizing capability of the 
basic 2(2-hydroxyphenyl)2H-ben- 
zotriazole chromophore. The 
fluorescence spectra of a se- 
ries of 2(2-Hydroxyphenyl)2H- 

~N 340 J~ 

WAVELENGTH(nm) 

Absorption Spectra of Com- 
pounds 1 to 8 in Dichloro- 
ethane Solution. Conc.: 
1 x 10 -5 Molar. 

Fig. 2 

| I , i 

NO. of H-bonds in molecule 

Relationship Between the Num- 
ber of Intramolecular Hydro- 
gen bonds with the Extinction 
Coefficient at ~340 run. 
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Table 2. Extinction Coefficient Values of 
2(2-Hydroxyphenyl)2H-benzotriazole Compounds 

Compound EXtinction coefficients x 10 -4 
No ~ = 290 nm ~ = 340 nm 

1 --- 3.4 

2 2.3 3.0 

3 2.4 3.3 

4 2.3 3.0 

5 --- 4.6 

6 2.6 3.8 

7 2.4 3.5 

8 --- 4.8 

benzotriazole derivatives were also measured; the following 
results were obtained: (a) The fluorescence emission intensi- 
ties of the various compounds were different when the compounds 
were excited with light of a wavelength of 290 nm or 330-340 nm. 
The fluorescence emission was strong when the compounds were 
irradiated with light of a wavelength of 290 nm while the fluo- 
rescence was weak when irradiated with light of 330-340 nm. 
This apparent discrepancy is related to the formation of struc- 
tures with intramolecular hydrogen bonds. The consequence of 
this analysis is that the absorbed energy is rapidly consumed by 
intramolecular proton transfer resulting in only a weak fluores- 
cence emission. When the compounds were irradiated with light 
with a wavelength of 290 nm, the excitation of the molecule does 
not involve 2-phenyl-2H-benzotriazole units to form hydrogen- 
bonds. This interaction shows stronger fluorescence since there 
is no simple mechanism for the excitation energy to be dissipa- 
ted. (b) The fluorescence intensities (FI) of compounds 5, 6 
and 7 (Figure 3), follow the following order: 

FI(5)>FI(7)>FI(6). 

Compounds 6 and 7 are esters of 5 and have no ortho-hydroxy 
group capable of hydrogen-bond formation; in addition, 6 and 7 
possess unsaturated double bonds. In compound 6, the double 
bond is directly attached to the ester group, an electron 
withdrawing group. 
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Compound 7, which is a 
2 (2,4-dihydroxyphenyl) 2 H-benzo- R. I. 
triazole ester where the 4-hydro- 
xy-group is esterified with 10- 
undecenoic acid, has 8 methylene 80 
carbon atoms between the double 
bonds of the vinyl group and the 
ester group, the double bond is 70 
far removed from the ester group 
and the substituent is essential- 
ly an aliphatic acyl group diffe- 
rent from compound 6, which is 6o 
an acrylic ester, where the vinyl 
group (which is electron deffi- 
cient) of the acrylate unit is 50 
directly attached to the carboxy- 
late group; this acrylate system 
influences strongly the electro- 
nic structure of the phenyl ring ~0 
of the 2 (2-hydroxyphenyl) 2H-benzo- 
triazole chromophore. 

Based on our information, an 
electron-defficient double bond 
as the substituent is the cause 
for weaker fluorescence as exem- 
plified in compound 6; this struc- 
tural arrangement acts as an elec- 
tron acceptor and quenches the 
fluorescence of the 2(2-hydroxy- 
phenyl)2H-benzotriazole unit. A 
2(2-hydroxyphenyl)2H-benzotriazole 
unit functions as an electron 
donor, leading to intramolecular 
or intermolecular exciplex for- 
mation upon irradiation [17]. 

tO 

J30 

!, rig 3 

/7 

/ il 

I I I I 
~70 410 450 490 

WAVELENGTH(n/n) 

Fluorescence Spectra of 
Compounds 5, 6 and 7 in 
Solution. 

0. . r  -- C%,,.CHs 
, I 0 H 

H O L t ~ N ~  _ ' ~  Bzt .OH 

.c -xc-c '  ..c c. -c , , = <  
-1 I~ 0 OH 

(intramolecular e - transfer) (intermolecular e - transfer) 

In order to prove this exciplex hypothesis, acrylic acid 
was used in an attempt to quench the fluorescence of 2(2-hy- 
droxyphenyl)2H-benzotriazole derivatives in solution; the 
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results are shown in Figure 4. It can be clearly seen that with 
increasing acrylic acid content the intensity of the fluorescen- 
ce of the 2(2-hydroxyphenyl)2H-benzotriazole unit decreases. 
Since the absorption wavelength - 
of acrylic acid is shorter than 
that of the 2(2-hydroxyphenyl) R.I. 
2H-benzotriazole, the photo-quen- 
ching is not caused by energy 
transfer, but by electron trans- 
fer. Even though no obvious emi- 
ssion peak of the exciplex was 
observed at longer wavelengths, 
a "tail" absorption was found 
when the results were normalized. 
With increasing acrylic acid con- 
centration, the emission of light 
of longer wavelength was enhanced 
indicating the existence of the 
new species of an exciplex. 

In compound 7, because its 
double bond is isolated from the 
ester group by 8 methylene seg- 
ments, the vinyl group has no in- 
fluence on the spectral behavior7 J$0 
the substituent effect is similar 
to that of an ester of an alipha- 
tic carboxylic acid, therefore its 
fluorescence intensity is similar 
to that of compound 5. 

i 

Fig. 4 

b ~\, " \  d 

~o 410 470 ~10 ~r~ 

WAVELENGTH(nm) 

Fluorescence quenching of 
benzotriazole by acrylic 
acid (dotted lines indica- 
te normalization). Conc.: 
a = 0; b = 0.1 Molar; c = 
0.2 Molar; d = 0.3 Molar. 
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