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Photodegradation of Polystyrene Stabilized with Uracil Derivatives 
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Abstract: Some uracil derivatives have been investigated as photostabilizers for polystyrene by measuring
the weight loss %, gel content and the average molecular weight of the soluble fractions of the degraded

polymer through the intrinsic viscosity measurements. Also the degree of discoloration is measured. The
results reveal a higher stabilizing efficiency for the materials investigated relative to the two commercial

UV -absorbers, phenyl salicylate and 2-hydroxybenzophenone derivative. A synergistic effect is observed
when the investigated stabilizers are blended with 2-hydroxybenzophenone derivative in various ratios.
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INTRODUCTION

Polystyrene (PS), one of the most important

material in the modern plastic industry, has been used
all over the world, due to its excellent physical

properties and low-cost.
PS and its related plastic products are non-

biodegradable in natural environment .Polystyrene has
an absorption maximum at ë=250 nm which extends to

the longer wavelength to around 300nm. PS can absorb
the UV-B radiation in the sun light and being

degradation reaction . The main reaction of the photo-[1 ]

oxidation of polystyrene is the photochain dissociation

of peroxide macroradicals followed by effective
absorption of oxygen and liberation of volatile

2 2products  of destruction, H O & CO . On photolysis[2]

of  PS, a photo-conversion of peroxide macroradicals

was studied . It was found that the rupture of C-C and[3]

C-H bonds leading to the formation of alkyl and allyl

radicals in the main direction of photo-conversion.
Mass spectra of low molecular weight products formed

by the decay of peroxide macroradicals of PS was

2measured. H O, benzaldehyde and acetophenone were

formed as degradation products from PS .[4]

It was stated previously  that the macroradical 1[5]

has been identified as an intermediate by EPR
spectroscopy; 

This react with oxygen to form the corresponding
peroxy radical 2 and hydroxyl    peroxide 3.

The alkoxy radical 4 can either abstract a hydrogen

atom from another ÜÜÜÜÜCH Ph ÜÜÜÜÜ moiety to give 5 or

undergo scission in two ways. 

Many commercial light stabilizers were added to

overcome the problem of photodegeradation affect the

PS articles. The presence of various concentrations of

T inuvin 1577 , hydroxyphenyltriazine, additive

effectively inhibited the surface photo-oxidation of

PS . Also a new family of UV absorbers; the[6]

dihydroxyphenylpyrazoles, has shown to be able to act

as photostabilizers as they effectively prevented the

phot-oxidative degradation of PS films . [7]

Different derivatives of 6-aminouracils and

thiouracils have been used as light stabilizes for

different chlorinated polymers .[8-10]

This  work  is a trial to examine the effect of

some  uracil  derivatives  as  photostabilizers  for  PS

against  UV -degradation.  Also  these  compounds 

are  mixed  with  some  commercial  UV absorbers

like phenyl salicylate and 2-hydroxybenzophenone

derivative to investigate their synergistic effect resulting

from the difference in the way of action in the

photostabilizing process. 
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MATERIALS AND METHODS

Materials: Polystyrene (PS) of viscosity average

molecular weight M'v (63.9 x 10 ) was supplied from4

El-Plastic EI-Ahlia Company, Egypt. Phenyl salicylate

(Salol) was obtained from EI-Nasr Company Medical

Chemicals, Egypt.  2 - H yd ro xy-4 -(octytloxy)-

phenylbenzophenone (2-HBPh) was supplied from

"Linkers" Far East Pte ltd.-Singapore. Toluene was

obtained from EI-Nasr Pharmaceutical Chemicals

Company, Egypt as chemically pure grade.

Preparation of Uracil Derivatives: 6-aminouracil and

thiouracil derivatives were prepared as described

previously[11]

 

Preparation of Polystyrene Films: The PS films were

prepared by casting from toluene by dissolving 2 gm

of PS in 50 ml of dry toluene, and stirred in absence

and in presence of 2% by weight from the polymer of

the applied photostabilizers. The solution was then

poured in a Petri-dish of 18.5 cm diameter. After

complete evaporation at room temperature, the formed

films were then immersed in diethyl ether followed by

heating in a vacuum oven at 70°C to remove the rest

of  solvent. The films obtained were of thickness ~

0.10 mm.

Light Source: The applied source is a high-pressure

Hg-lamp (Philips HPK 125 W). The distance between

the light source and the films under investigation was

kept constant (30 cm) and the surrounding temperature

was kept constant at 30+ 2°C.

Methods of Determination of the Stabilizing

Efficiency: The stabilizing efficiency was determined

by measuring the % weight loss of photodegraded PS

films in absence and in presence of  uracils by

applying the following equation:

1 2 1Weight loss % = W -W /W  X 100

lWhere W  is the weight of the original sample

2(before irradiation) and W  is the weight of the

photodegraded sample.

Also the stabilizing efficiency was determined by

following the amount of gelation resulting from UV -

irradiation  of  PS  films  for different time intervals

(5-25 h). The photodegraded sample (0.5 g) was

dissolved in 20 ml dry toluene at 35 C and lefto

overnight. The insoluble fractions were separated by

centrifugation, washed with the solvent and dried till

constant weight. 

The % gel was determined as follows:

2 l% gel = W /W  x 100

1Where W  is the weight of the original sample and

2W  is the weight of the insoluble fraction.

The rate of photodegradation was determined by

measuring the viscosity average molecular weights M'v

of PS samples before and after UV -irradiation. Values

of M 'v obtained from the intrinsic viscosity

measurements using suspended level Ubbelhode

viscometer with negligible kinetic energy correlation

and which allowed dilution in the viscometer . [12-13]

The degree of discoloration of the photodegraded

samples was also taken as a method of determining the

stabilizing efficiency. IR spectra of the blank and

stabilized PS samples, also the element test of the

stabilized samples after purification illustrated the

stabilization mechanism.

RESULTS AND DISCUSSION

Effect of the Stabilizing Efficiency of Uracil

Derivatives on % Weight Loss and Gel Content:

The effect of the investigated uracil derivatives on the

photostabilization of PS films against photodegradation

was examined in comparison with both phenyl salicylte

and 2-hydroxybenzophenone derivative which are

industrially known UV-absorbers (reference stabilizers) 

Volatile and low molecular weight products  formed[2 ,4]

on photodegradation of PS led to a weight loss

phenomenon. 

This weight loss increases as the exposure time

increases. On using the materials under investigation in

the concentration of 2% by weight, the % weight loss

was decreased with a relatively high extent. The results

of weight loss % as a function of irradiation time are

represented in Fig. (1). 

The results indicate that all of the four uracils have

great stabilizing effect against photodegradation of PS

samples and leading to a considerable decrease in %

weight loss compared with the phenyl salicylate UV-

absorber.  Except  the  thiouracil one, the other three 
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Fig. 1: Effect of irradiation time on  weight loss % of

PS films in absence and in presence of some

uracil derivatives 

Fig. 2: Effect of irradiation time on gel content % of

PS stabilized with 2% by weight of some

uracil derivatives.

uracils exhibit higher stabilizing efficiency than that of

2-HBPh derivative (reference stabilizer). The stabilizing

efficiency of the investigated materials can be arranged

according to the following order: 1,3-dimethyl-6-

aminouracil >6-amino-s-methyluracil >6-aminouracil >

6-aminothiouracil.

In cases of PS stabilized with 1,3-dimethyl

derivative, the weight loss % reaches 0.6% and 1.9%

after 5 and 25 h irradiation, respectively while in case

of blank PS it was 2.9% and 6.8%, respectively.

Comparing these values with that in case of using

either of phenyl salicylate or 2-HBPh reference

stabilizers where the % weight loss was 2.6% and

5.7% after 5 & 25h irradiation in the first case and

1.3% and 3.9% in the second case.

Another measure for the stabilizing efficiency of

the applied materials is the formation of gel resulting

from the partial crosslinking of the photodegraded

polystyrene. The results of % gel content of the photo

degraded polystyrene in absence and in presence of

either of the uracils relative to the two applied

reference photostabilizers are represented in Fig.(2). 

The results show that the gel content is completely

prevented in case of photodegraded PS samples

stabilized  with  either  of 1,3-dimethyl derivative or

the  s-methyl  one  especially  at  the  early  stages 

of  degradation  (up  to I5h). The gel content % in

case of PS stabilized with 1,3-dimethyl-6-aminouracil

(of higher stabilizing efficiency) after 25 h irradiation

is 0.4% which is decreased by 22.2% , 20.5%, and

0.8% than that of blank PS, PS stabilized with phenyl

salicylate and 2-HBPh derivative as reference UV-

absorbers respectively.

Viscosity Average Molecular Weights as a Measure

for the Photostabilizing Efficiency: Fig.(3) Shows that

photodegraded PS samples stabilized with either of the

investigated uracil derivatives have lower decrease in

the viscosity average molecular weights M'v on

increasing the irradiation time compared with the blank

samples or that stabilized with either of the two

reference stabilizers which indicates a lower rate of

photodegradation of the polymer stabilized with the

investigated samples indicating the higher stabilizing

efficiency of the used materials and these results agree

well with the lower percentage of weight loss and gel

content previously mentioned.

Table (1) represents the variation of the viscosity

average molecular  weight values and consequently the

%  decrease in the molecular weight as a function of 
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Table 1: Effect of irradiation time on the % decrease in M 'v of blank PS (M 'v = 63.9 x 10 ) and PS stabilized with 2% by weight of some4

uracil derivatives compared with reference stabilizers, phenyl salicylate and 2-HBPh derivative

Added stabilizer Exposure time (h)

-----------------------------------------------------------------------------------------------------------------------------------------

5 15 25

----------------------------------------- ------------------------------------------- ------------------------------------------

v v v v v vM ' x10 % decrease in M ' M ' x10 % decrease in M ' M ' x10 % decrease in M '4 4 4

vBlank PS (M ' =63.9x10 ) 36.1 26.6 58.4 36.8 42.440.84

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/phenyl salicylate 43.6 31.8 40.2 37.1 46.6 27.1

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/2-HBPh der 52.4 18.0 42.8 33.0 36.1 43.5

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/6-amino-uracil 53.1 16.9 44.6 30.2 38.9 39.1

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/6-amino-thiouracil 48.6 23.9 37.8 40.8 34.8 45.5

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/6-amino-s-methyluracil 56.3 11.9 48.7 23.8 42.8 33.0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/1,3- dimethyl-6-aminouraicl 60.1 5.9 51.3 19.7 48.4 24.3

Table 2: Extent of discoloration of photodegraded blank PS and PS stabliized with both  some uracils and reference stabilizers:

Sample Absorbance  At l = 450

Irradiation time

-----------------------------------------------------------------------------------------------------------------------

5 hr 25 hr

PS/1,3-dimeth.-6-aminouracil 0.12 0.19

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/6-amino-s-meth.uracil 0.21 0.30

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/6-am.uracil 0.47 0.62

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/2-HBPH (ref. stab.) 0.52 0.69

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/6-am.th.uracil 0.61 0.73

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PS/salol (ref. stab.) 0.70 0.84

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Blank PS 0.68 0.89

Table 3: Effect of-irradiation time on % weight loss of polystyrene in absence and in presence of 2% by weight 2-HBPh deriv./l,3-dimethyl-6-

amino uracil mixture stabilizer

Irradiation time(h) Blank PS M ixed stabilizers 2-HBPh deriv.: 1,3-dimethyl-6-aminouracil

----------------------------------------------------------------------------------------------------------------------------------

100%:0% 75%:25% 50%:50% 25%:75% 0%:100%

    Weight loss %

0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 2.9 1.3 0.4 0.2 0.5 0.6

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 3.7 1.9 0.8 0.5 0.8 0.9

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

15 4.5 2.6 1.1 0.6 1.3 1.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 5.9 3.7 1.5 1.0 1.7 1.6

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

25 6.8 3.9 1.8 1.2 2.0 1.9

the exposure time to UV radiation for the PS films

stabilized with the various investigated photostabilizers.

The values for the blank PS and for PS stabilized with

the two reference stabilizers are also given for the

comparison purposes. The results as shown in Table (1)

clearly  reveal  the relatively lower extent of the

change in the average molecular weight of the polymer

for the four investigated uracil photostabilizers as

compared with the blank sample and the two reference

stabilizers. These results gave an additional proof for

the  high  photostabilizing  potency  of  the

investigated stabilizers.

The elemental analysis of the photodegraded

stabilized PS after 25 h irradiation and after washing to

remove any residual stabilizer have shown that nitrogen

(and  or  sulphur)  are  present  indicating  that  the 
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Table 4: Effect of irradiation time on % weight loss of polystyrene in absence and in presence of 2% by weight 2-HBPh deriv./6-amino-s-

methyluracil mixture stabilizer.

Irradiation time(h) Blank PS M ixed stabilizers 2-HBPh deriv.6-amino-s-methyluracil

---------------------------------------------------------------------------------------------------------------------------------

100%:0% 75%:25% 50%:50% 25%:75% 0%:100%

           Weight loss %

0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 2.9 1.3 0.7 0.4 0.9 0.8

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

10 3.7 1.9 1.0 0.7 1.2 1.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

15 4.5 2.6 1.2 0.8 1.5 1.7

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 5.9 3.7 1.5 1.3 2.0 2.2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

25 6.8 3.9 1.9 1.7 2.2 2.7

Fig. 3: Effect of irradiation time on viscosity average molecular weights of PS films stabilized with

2% by weight of some uracil derivatives

Fig. 4(A): IR spectra of blank PS 

stabilizer molecule is involved in the polymeric chain.

The IR spectra of the photodegraded stabilized PS have

revealed the absence of some function groups of the

uracil which indicates the participation of these

function groups in the stabilization process 

The IR spectra of the photodegraded PS stabilized

by 1,3-dimethyl-6-aminouracil (Fig.4) indicates the

absence of the two absorption bands at 3321 and 3427

Cm  due to the        (st) of the 1ry amine in the 6--1

postion of he uracil derivative. This may be due to the 
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Fig. 4(B): IR spectra of 1,3-dimethyl- 6- aminouracil

Fig. 4(C): IR spectra of photodegraded PS stabilized with 1,3-dimethyl-6-aminouracil. 

involvement of this function group in the stabilization

through the abstraction of a H-atom by any of the

radical species present as a result of photodegradation

leaving a radical site on the nitrogen atom of the

amino group. 

Structure I can be stabilized forming the imino

group         which is confirmed by the presence of

the absorption band at 1668 cm , and this radical site-1

can block a polymeric radical disrupting more radical

chain degradation. 
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Fig. 5: Effect of irradiation time on % weight loss of PS films in presence of 2% by weight of 2-HBPh deirv.

/ 1,3 -dimeth.-6-am.uracil

Fig. 6: Effect of irradiation time on % weight loss of PS films in presence of 2% by weight of 2-HBPh

deriv./6-am.-s-meth.uracil

Fig. 7: Effect of irradiation time on viscosity average moleular weights of PS films in presence of 2% by weight

of 2-HBPh der. / 1.3-dimeth.ur.der. mixture stabilizer

Discoloration as a Criterion for Photostabilizing

Efficiency: Table (2) indicates the change in

discoloration of the photodegraded PS samples in

absence and in presence of either of the four uracil

photostabilizers or of the two reference stabilizers after

15 and 25 hr irradiation. It can be observed that PS

samples stabilized with 1,3-dimethyl-6-aminouracil has

lowest extent of discoloration even after 25 hr

irradiation. 

As mentioned before, except the 6-aminothiouracil,

the other three uracil derivatives are more efficient

photostabilizers  than  the  2-HBPh   industrial  UV-
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Fig. 7: Effect of irradiation time on viscosity average moleular weights of PS films in presence of 2% by weight

of 2-HBPh der. / 1.3-dimeth.ur.der. mixture stabilizer

absorber, but all the four investigated uracils are of

higher efficiency than phenyl salicylate (salol) which

g iv e  r ise  to  m o re  ye llo wing  d u e  to  i t s

photorearrangement . The discoloration was of lower[14]

extent in photodegraded stabilized PS samples

compared with both blank PS and PS stabilized with

reference UV-absorbers. 

Effect of Mixing the Investigated Stabilizers with the

Reference Stabilizer on the Photostabilizing

Efficiency: In this investigation, 1,3-dimethyl-6-

aminouracil and 6-amino-s- methyluracil have been

taken as an example for the investigated stabilizers.

Mixing was performed with 2-HBPh in different

proportions covering all the full range. The choice of

the investigated stabilizers was based on the results

given before that indicated the high photostabilizing

efficiency of either the uracil derivatives or the

reference stabilizer 2- HBPh.

As the mechanism of action of uracils differs than

that of 2-HBPh, the two investigated uracil derivatives

are blended with the reference stabilizer might lead to

a complementary stabilizing action on mixing in

various weight proportions.

2-HBPh deriv. 1,3-dimethyluracil deriv./

or 6-amino-s-methyluracil deriv.

100 : 0

75 : 25

50 : 50

25 : 75

0 : 100

The over all mixed stabilizers concentrations was

taken as 2g/I00g PS. 

The results in Figs. (5-8) show a synergistic effect

that reaches its maximum value at the weight ratio of

50% : 50%.

The % weight loss is largely affected on using

these blends. The % weight loss after 25 h irradiation

reaches 1.2% on using the weight ratio 50% :50%

mixture stabilizer of 1,3-drmethyl derivative/2-HBPh

and this value is decreased than that of blank PS by

5.6% (Table 3) .

In case of using the mixture stabilizer 6-amino-s-

methyl derivative / 2-HBPh in a weight ratio 50% /

50%, the value of weight loss of the stabilized PS

sample is decreased by 5.1% than that of the  blank PS

(Table 4).

The results as shown in Figs. (7 and 8) reveal that

there is a lower decrease in the viscosity average

molecular weights of the PS stabilized by either the

mixture stabilizer 2-HBPh/1,3 –dimethyl derivative or

2-HBPh/ 6-amino -s- methyl derivative in different

weight ratios, compared with the nonstabilized PS. 

The decrease in the viscosity average molecular

weights by increasing the irradiation time indicates a

lower rates of photodegradation when these mixture

stabilizers were used. 

With respect to gelation criterion, it is observed

that it is completely disappeared on using the weight

ratio 50% : 50% even at the later stages of UV-

irradiation, while it is of neglected values

(unmeasurable) in the other cases.

These, higher photostabilizing efficiency can be

attributed to the presence of a kind of synergism

resulting from the difference in the mechanisms by

which both the investigated and the reference

stabilizers act.

Conclusions: 

C Some  uracil  derivatives  have been investigated

as  photostabilizers  for  PS  which are found to

be  more  efficient than the two examined

reference stabilizers, salol and 2-HBPh derivative.
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The stabilizing efficiency of the examined

materials can be arranged in the following order:

1 ,3  d imethyl-6-am inourac i l  >  6 -am ino-s-

methyluracil > 6.aminouracil > 6-aminothiouracil.

C The stabilizing potency of these materials can be

attributed to the nature of the uracil structure

which act as radical scavenger and the PS

macroradical may be blocked by the radical sites

created on the photostabilizer.

C Either of 1,3-dimethyluracil derivative or 6-amino-

s-methyluracil is blended with the reference

photo s tab il ize r  2 -H B P h to  exam ine the

photostabilizing efficiency of the resulting mixture

stabilizer. These blends lead to a higher stabilizing

efficiency and this can be attributed to the

synergistic effect resulting from the combination of

the mechanisms by which both uracil derivatives

and 2-HBPh reference stabilizers work. The blend

of weight ratio 50% reference stabilizer to 50%

uracil photostabilizer gave the maximum

synergistic effect.
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