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Polymeric UV-Absorbers of 
2-Hydroxybenzophenone Type. 1. 
Polyesters on the Base of 
2-Hydroxy-4-( 2,3-epoxypro poxy ) benzop hen one* 

J. LUSTO;?rj, J. G U N S ,  and Z. M - a k E K  

Polymer lnstitute of the Slovak Academy of Sciences 
Brat islava, Cz echo Slovakia 

A B S T R A C T  

Some pclyester light s tabi l izers  were synthetized by the CO- 
polymerization of an equimolar mixture of 2-hydroxy-4- (2,3- 
epoxypropoxy)iinzophenone with cyclic anhyarides of di- 
carboxplic acids. This synthesis was carr ied out in melt by 
using potassium benzoate o r  tert-amines as catalysts. The 
catalytic efficiency of potassium benzoate in heterogeneous 
phase increases  with its surface area.  In comparison with 
potassium benzoate, tert-amines show a higher catalytic 
effect in  homogeneous medium. According to the W spectra  
of the products, the 2-hydrosq-benzophenone s t ructural  a i r s  
of light stabil izers a r e  not subject t o  destruction during the 
polymerization of an  equimolar mixture of epoxide with an- 
hydrides. The efficiency of LV statoilization of the stabil izers 
prepared in polypropylene is comparable with the efficiency 
of 2- hydroxy-4-n-octylox~benzophenone with the exception of 

'Present in part  at the K'P.4C Conference on Chemical Transforma- 
tions of Polymers,  June 22-24, 1971, Srat is lava,  Czechoslovakia. 
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those samples which contain the s t r u c t u n l  units of maleinic 
anhydride and glycidyi-2-naphthyf ether. In contrast to 2- 
hydroxy-4-n-octyloxybenzophenone, the high molecular weight 
UV absorbers  exhibit a lower extractibility from polypropylene 
sheets with trichloroethylene. 

I N T R O D U C T I O N  

The durability of polymers is often reduced by a gradual decrease in 
the content of low molecular weight UV absorbers. A loss of low 
molecular and more volatile stabil izers occurs even during thermal 
treatment of polymers. Besides the photolytic decomposition of light 
stabilizers, the atmospheric aging often involves a loss of stabil izers 
owing t o  their  migration from polymers through extraction by water 
and various solvents. A decrease in the extractibility, volatility, and 
migration of UV absorbers  may be achieved by using polymer stabil izers 
or by binding stabilizing structures into the polymer chain. 

References in the field of polymer stabil izers involve the relatively 
ample group of UV absorbers of the hydroxybenzophenone type. There 
are  the procedures for the polymerization of unsaturated derivatives 
of 2-hydroxybenzophenone (HBP) [ 1-71 and polycondensation of HBP 
derivatives with carbonyl compounds, most frequently with formaldehyde 
[ 8-10] ; polycondensation of HBP carboxy derivatives [ 11-14] ; conden- 
satiqn of HBP derivatives on phosphorylated polypropylene [ 13, 161 ; 
the Fries rearrangement of polyesters [ 17- 191 ; and the polyaddition of 
diisocyanates with t r i -  (tetra)-hydroxyhenzophenones [ 201. 

This paper is concerned with the study of the preparation of hi&er 
molecular weight photostabilizers synthetized by the copolyaddition 
of 2-hydroxy-4- (2,3-epoxypropoxy)benzophenone alone o r  in a mixture 
with some epoxy compounds and cyclic anhydrides of dicarboxylic 
acids in the presence of alkaline salts and tert-amines as catalysts. 
The stabilization efficiency of some structurally different polymer 
UV absorbers in polypropylene was correlated with the efficiency of a 
low molecular weight photostabilizer (2-hydroxy-4-n-octyloxybenzo- 
phenone) during the photooxidation of polypropyiene sheets at  60” C. 
The efficiency of LT absorbers was also evaluated by photooxidation 
af ter  trichloroethylene e-xtraction of polypropylene sheets. 

E X P E R I M E N T A L 

M a t e r i a l s  

2-Hydroxy-4-( 2,3-epoxypropoxy)benzophenone ( XEPBP) was 
prepared by the slow addition of an aqueous alkaline solution of 
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POLYMERIC LV-ABSORBERS. I 389 

2,4-dihydroxybenzophenone in ar~ equimolar ratio with KOH to  a five- 
fold molar escess  of epichlorohydrin in a 2-hr period at 88'C. After 
shaking the reaction mixture with hot water several  t imes,  the 
separated reaction product was recrystall ized from ethanoL The 
melting point of the product thus obtained was 98.5-99" c (99- 100°C 
according to Ref. 21). 

Glycidyl-$naphtyl e ther  (GNE)  was prepared from epichloro- 
hydrin and +naphtol under the same conditions as HEPBP. The 
melting point of the product was 81°C after vacuum distillation and 
crystallization. 

Epichlorohydrin (ECH), cyclic anhydrides, alkaline salts, and 
t e r t - m i n e s  were commercial ,  analpcical grade chemicals. Phthalic 
anhydride (PA)  was purified by sublimation. After recrystall ization 
from hot water,  a part  of the potassium benzoate (BzK) was crushed 
in a mortar  while the remaining part  was crushed in a laboratory 
-ribration ball mill for 20 min a t  a vibration frequency 50 swings per  
second using stainless steel balls of 4 mm diameter. 

The solvents were purified in the usual way. 

l o l y m  e r i z a t i o n  

The polymerization was carr ied oct in the melt state. The melt 
~ r s  placed in sealed glass ampoules with a nitrogen atmosphere. 
The reaction rni.nure of the initial powdered substances was 
homogenized intc ampoules before weighing i f  potassium benzoate 
was used as a catalyst. If tert-amines were used as catalysts,  they 
were added to the weighed and homogenized reactants and, af ter  
replacing the air by nitrogen. the ampoules were sealed. The 
ampoules were heated to the reaction temperature in an oil bath 
which was accurately thermoskted  to 10.2'C. The reaction mixture 
was homogenized again af ter  melting by shakinq the ampoules. In 
the course of the investigation of polymerization the ampoules 
were removed from the  bath at fixed t ime intervals and the polymer- 
ization product was withdrawn and crushed in a mortar. Hydrolysis 
of ncnconsumed phthalic anhydride was performed with hot water 
m a portion of the product, and the free acid content was determined 
by t i tration with an aqueous 0.01 solution of KOH with phenolph- 
thalein as the indicator. After extraction with hot ethanol the 
polymers were purified by precipitating the acetone solutions with 
water. After drying, white o r  slightly yellowish products were 
obtained. 

The molecular weights of polymers were determined by the VPO 
method using benzene as the solvent. The IR spectra  were recorded 
with LLR 20, Carl Zeiss, Jena, while the W spectra  were obtained 
'Rith a Unicam SP 700 A. 
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E v a l u a t i o n  of t h e  E f f i c i e n c y  of P h o t o s t a b i l i z a t i o n  

The UV absorbers  and antioxidants were added to the powdered 
and nonstabilized polypropylene, and the mixture was homogenized 
in a plastograph (Brabender) for 10 min in a nitrogen atmosphere 
at 190' C. 

The molar concentration of polymer photostabilizers in poly- 
propylene was equivalent to 0.5 ;m?~ of Z-hydroxy-~-n-oct?loxy- 
benzophenone stabilizer. Topanol CX (0.2 wt% ) and dilauryl 
thiodipropionate (0.3 wt%) were used as thermoo.xidation stabilizers. 
The polypropylene sheets were prepared by molding at  200' C. 
Extractions of the polypropylene sheets with trichloroethylene vere 
carr ied out for  1 h r  at  25°C. 

a m i m e  with the stabilizers of thermooxidation was estimated 
volumetrically. This method is based on the measurement of the 
timed consumption of oxygen during the photooxidation of poly- 
propylene sheets by myans of a modiiied apparatus [ 131. A poly- 
propylene sheet ( 4  cm' ), placed in a cylindrical cell  of S i d  glass 
with the volume V,,  was irradiated in an oxygen atmosphere by a 
medium pressure mercury arc (Tes la  THK- 101). This cell was 
placed in an a i r  thermostat heated to 60 = 0.15-C. The volume of 
oxygen consumed, Vt, was indicated by the shift of the silicon drop 
situated at one end of the measuring capillary. The measuring 
capillary (1.55 m m diameter) was situated in a horizontal position 
and its other end was connected to an oxygen-filled vessel of volume 
V, and thermostated together with the measuring capillary in an air 
bath accurate to =O. 1'C. The number of moles of oxygen consumed 
was calculated from 

The efficiency of photostabilization of polymer W absorbers in 

The starting pressure in the apparatus was adjusted to the atmospheric 
pressure pa. The photooxidation apparatus 1~;1s placed in a consrant- 
temperature room (=lac). 

R E S U L T S  A N D  DISCUSSION 

2-Hydroxy-4- (2,3-epoxypropoxy)benzophenone contains a reactive 
oxirane end-ring and therefore has capabilities for the preparation 
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of polymer t.W absorbers .  The polymerization of t e rmina l  epoxides 
with cyclic anhydrides of dicarboxylic acids is well known [ 22-29]. 
In comparison with a polycondensation reaction, the high rate of the 
reaction without low molecular weight products is quite advantageous. 
Fischer  [ 221 found that the polymerbat ion catalyzed by t e n - a m i n e s  
afforded an  alternating copolvmer, and Tandtra and Haung [ 2 9 ]  proved 
that the polyester with the hignest molecular weight was formed in 
the highest yield if the reactants  were used in equimolar proportion. 

with cyclic anhydrides of dicarboxplic acids. Also prepared were  
some copolymers in which a part  of the HEPBP was replaced by other  
epoxide compounds (ECH ar,d GNE, Table 1). The l a rges t  par t  of the 
experiments was, however, ca r r i ed  out by using a pair  of monomers,  
namely HEPBP and PA. 

The r e su l t s  of polymerizations. the components used, the reaction 
condi t ims,  and some character is t ics  of the polymer UV abso rbe r s  
prepared a r e  presented in Table 1, while t!!e UV spec t r a  of selected 
polyester photosrzbilizers are s h o m  in Fig. 1. These  spec t r a  are 
character ized 5y tvo absorption bands. i.e., at X, max = 287 nm and 

= 328 nm. The absorbance at 400 nm is practicallg- zero.  The 
‘ 2  mzx 
spec t r a  a r e ,  therefore ,  analogous to the spec t r a  of low molecular 
weight HBP derivatives. The absorption band a t  the ionger wavelength 
( in  the region of high sensi t i r i ty  of different polymers  to phorodegrada- 
tion [ 301 ), which is attr ibuted to the intramolecular hydrogen bond in 
the o-hydroxybenzophenone molecule [ 311, r ema ins  preserved. In the 
s e r i e s  of GV spectz-2 of polyester IN abso rbe r s  prepared,  the co- 
Dolpesters consisting of Pm4-EEP3P-G3iE (KO. 7 )  and P.4-HZPBP- 
ECH (No. 8)  prepared under the conditions given in Table  1 exhibit 
different values of absoruance (Fig.  1). The weight of COpOlpSterS 
used for  spectral  analysis in UV were chosen according to the molar  
content of E P B P  in the polymerizing barch. According to  the 
absorbance values, the molar  concentration of the HEPBP structural  
*Jni::s is sma l l e r  in copolymer So. 7 thw. in the polymerizing batch, 
which means that HEPBP is a l e s s  reactive component than G h Z  in 
the reaction system conraining P.4. Conversely, the proportion of the 
HEPBP component is higher in copolymer 30- 8 than in the polymer- 
izing batch. A higher reactivity of HEPBP with respect  t o  ECH in the 
three-component system containing PA is also indicated by a lower 
chlorine content. Analysis has shown that the chlorine conzenr 

In the synthesis of polymer UV abso rbe r s ,  HEPBP was polymerized 
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POLYMERIC UV-ABSOREEXS. I 5 93 

FIG. 1. Spectra of polymer photostabilizers in the near-UV region. 
Samples 1, 2, 6, 7, and 8 axe the same as in Table 1; No. 9 corresponds 
to  2-hydroxy-4- ( 2,3-epoxypropoxy)benophenone. The spectrum of 
Sample 3 is the same as the spectrum of the Sample 6, and the spectra 
of Samples 4 and 5 are the same as the spectrum of Sample 1. They have 
been recorded with an Unicam SP 700 A in chloroform, d = 0.5 cm, c = 
5 K 10'~ mole/liter. 

(C1 = 11.4%) corresponds to the rat io  ECH/HEPBP Z 6 whereas this 
value is equal t o  10 for the polymerizing batch. The absorptivity value 
thus characterizes the average composition of copolymers with respect 
to the HEPBP component content. 

The characterist ic absorption band corresponding to  the vibrations of 
carbonyl group of o-hydroxybenzophenone at 162 5 cm- ' remains preserved 
in  the fR spectra  (Fig. 2). The absorption bands which belong to  phthalic 
anhydride, (1779,  1785, and 1853 disappear and a new band a t  u = 
1735 ern-., which corresponds to a newly formed es te r ic  bond, appears  
when the polymer has been prepared. 
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594 

f 0 0 ,  

FIG. 2. Infrared spectrum of the polymer UV-absorber of the 
HEPBP-PA type (-), phthalic anhydride (. . ), and HEPBP (--). The 
spectra were recorded with an UR-20,  Carl  Zeiss, Jena, in the mix- 
ture  o-xylene-chloroform (k4) in NaCl cells, d = 0.16 mm, and c = 
0.1 molehiter. 

T5e course of polymerization of the equimoiar PA-HEPBP mixture 
catalyzed by 2 mole % potassium benzoate (Fig. 3 )  illustrates the 
effect of temperature on the rate of poiymerikzation as well as the in- 
fluence of the surface of catalyst which has been treated either by 
coarse crushing in a mortar (Curve 1) or by grinding in a laboratory 
vibration ball mill (Curve 2). The grinding of cac-ilyst in a bail mill 
strongly affected the polymerization system by appruximately doubling 
the reaction rate in the region of 10-5m conversion. Polymer yield in- 
creases  exponentially with the concentration of potassium benzoate 
finely ground in a vibration mill (Fig. 4) according the empirical relation 

b conversion % = aBzY 

where  a s 39 and b = 0.46. 
Under the conditions of polymerization the catalyst was not completely 

soluble in the polymerization system and gradually settled down. A more 
uniform dispersion of heterogeneous catalyst was achieved by shaking 
the reaction mixture.. In this m y  the equilibrium solubility of catalyst 
in the polymerization system could be reached. 

If the polymerization is carried out in the homogeneous phase in the 
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eo 

60 

40 

20 

FIG. 3. Dependence of conversion on the polymerization t ime of 2- 
hydroxy-4- (2,3-epox~propoxy)benzophenone with phthalic anhydride 
I molar  ratio 1: 1) at  a 2'3i concentration of the catalyst (potassium 
benzoate). (1) 105'C, ( 2 )  105'C (potassiun: berzoare was ground €or 
20 min in a vibration ball mill) ,  and (3 )  135'C. 

FIG. 4. Effect of potassium benzoate concentration on conversion 
in the polymerization of 2-hydroxy-4- (2,3-epo.uppropoxy)benzophenone 
with phthalic anhydride ax 135°C fo r  a constant t ime of polymeI-ization 
( 30 min). The catalyst was ground in 2 vibratioa mill. 
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presence of soluble catalysts (for instance, tert-amines), the polymer- 
ization rates  are higher than those achieved by heterogeneous catalysis 
with potassium benzoate (Fig. 3 )  a s  is evident from the experimental 
values in Fig. 5. Provided tri-n-hexyfamine and methyldibuthylamine 
a r e  used as catalysts, the polymerization r l t e  is obviously smaller in 

80 

2 
60 

P 
L 

c 
0 
U 

40 

20 

0 10 20 30 40 50 60 
t r m e  ( m i n u t e r )  

FIG. 5. Dependence of conversion on the polymerizstion time of 
2-hydroxy-4- { 2,3-epoxypropoxy)benophenone vith phthalic aMidride 
in the presence of tert-amines functioning as catalyst. ( s ) Tri-n- 
he.xylamine, c = 0.85 mole %, 105" C. ( ) Methyldibutylamine, c = 1.1 
mole %, 105" C. ( o ) Tri-n-hexylamine, c = 0.85 mole %, 120" C. 

the initial stage of reaction than in the region of 20-6Pf conversion. 
Tanaka and Kakiuchi [ 23c] explain this fact by a progressive incr, ease 
in the concentration of the catalytic centers of the type (NR 

compound with an epo.uy end-group in the presence of trialkylamine as 
a catalyst. With regard to the fast course of the reaction at 105 and 
120" C (Fig. 31, it is obvious that the reaction proceeds at a non- 
stationary temperature in the initial stage so that the effect of the 
progressive growth of catalytic centers as well as the increase in the 
initiation rate is partially concealed because of temperature in- 
consistency in the reaction mixture. 

Some of the polyesser W absorbers prepared were added to 
polypropylene as described previously and exposed to accelerated 
aging. It is obviuus from Fi3. 6 that the efficiency of photostabiliza- 
tion of a polymer W absorber prepared by polper fk ing  m P B P  wit21 
PA (Polymer 1, Table 1 )  may be compared in the stabilized system 

while the compounds * t S  hydroxyl groups may arise direc tl**.Hox)9 y from a 
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POLYMERIC LT-ABSORBERS. I 597 

containing polypropylene with the efficiency of a low molecular weight 
stabilizer, Cyasorb UTV 531, provided the molar concentration of o- 
hydroxybenzophenone structures is e q u l  in both cases. On the other 
hand, the extraction of sheets with trichloroethylene for 1 h r  at 25°C 
results in the removal of the photostabilizer Cyasorb W 531 from 
polypropylene ( Fig. 6). This is evident from a decreased polymer 
stability. The resistance to photooxidation of the extracted sheets 
containing a polymer W absorber of the HEPBP-PA type is decreased 
to a substantially lesser  extent than that of one of the extracted sheets 

1.0 

N 

5 
\ 
N 

0 0.5 
i 
- 

100 200 300 

TIME OF EXPOSURE ( H O U R S )  

FIG. 6. Time dependence of the consumption of oxygen in the 
photooxidation of polypropylene sheets stabilized with Topanol CA (0.2 
wts), dilauryl thiodipropionare ( 0.3 wt%) and W-absorber.  Curve 1 is 
2-hydroxy-4-n-oct~loxybenzophenone (0.5 wt%), the Curves 2, 3,  and 4 
-correspond to Samples 1, 2, and 7 ,  respectively of Table 1. Curves 1' 
,md 2' are after 1 h r  extraction in trichloroethylene at 25'C. Sheets 2, 
3 ,  2nd 4 contain the same molar content of W-absorbers  as Sample 1. 

contahing a low molecular weight Stabilizer, which gives evidence 
of the lower extractibility of the former. Lower extractibility is also 
confirmed for the other polymer stabilizers, but in the case of these 
polyesters (Fig. 6) the presence of s t r ~ c t u r a l  units of maleic acid 
:md naphthalene reduce the effect of stabilization 
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