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Abstract

The photooxidation of styrene–isoprene copolymers is investigated on the basis of infrared analysis of irradiated films. The results show
that the polystyrene segments are stable under irradiation and degradation results only from the photooxidation of the polyisoprene segments.
Oxidation of polyisoprene results in chain scissions and generates various carbonylated photoproducts. A three-dimensional structure is
formed by cross-linking reactions resulting from additions on the double bonds and formation of ether linkage. In order to determine the
influence of the polyisoprene content on the mechanism and the kinetics of oxidation, different compositions have been tested. The extent of
degradation is found to be proportional to the polyisoprene content but the rate of photooxidation is constant whatever the composition. The
distributions of the oxidation products within the polymer are similar whatever the composition. This behavior can be attributed to the
incompatibility between the polyisoprene and the polystyrene segments, which leads to a phase demixion and the formation of nodules. Each
nodule can be considered as an independent photochemical reactor.q 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The photochemical degradation of dienic polymers has
been largely described in the literature [1–7]. If intensive
works have been carried out on the photooxidation of poly-
butadiene or its copolymers [3–5], only a few papers deal
with the photooxidation of polyisoprene. Rodrigues and De
Paoli [8] concentrated on the analysis of the non-volatile
photoproducts formed during photooxidation. The presence
of hydroperoxides, alcohols, ketones, aldehydes, epoxides
and carboxylic acids was detected by IR,1H and 13C NMR
spectroscopies. Viscosimetric measurements showed that
chain-scission predominates over cross-linking. Adam et
al. [2] studied the photooxidation of polyisoprene under
irradiation at long wavelengths�l $ 300 nm�, with various
relative concentrations of 1–4, 3–4 and 1–2 double bonds.
The comparison of the photochemical behavior of these
polymers with that of polybutadiene allowed the authors
to propose a scheme accounting for the main routes of the
photooxidation. The following conclusions were given:

• The photooxidative degradation of polyisoprene gener-
ates alcohols, ketones, epoxides and carboxylic acids.

• A decrease in double bonds concentration occurs as the
photooxidation progresses.

• A decrease of the average molecular weight of the mate-
rial occurs in the first stage of irradiation, then an
increase is observed for higher times of irradiation. In
the earliest stages of photooxidation, chain-scissions
prevail while for longer times of irradiation cross-linking
reactions are predominant.

• An inhibition of the photooxidation resulting from a
reduction of oxygen permeability due to cross-linking
reactions that occurs after only a few hours of irradiation.

The present paper reports results on the photooxidation of
styrene–isoprene copolymers with various compositions.
Particular attention is given to the influence of the polyiso-
prene content on the kinetic aspects and the distribution of
the oxidation photoproducts within the polymeric sample.
This study is divided into two parts:

• The first part deals with the mechanistic aspects of the
photooxidation. The recent advances on the knowledge
of the mechanism of degradation of polybutadiene [6]
permits reinvestigating the oxidation of polyisoprene.
Thin films are irradiated in order to limit the effects of
oxygen diffusion.

• In the second part, the kinetic aspects of the
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photooxidative degradation are analyzed according to the
polyisoprene content. Depending on the polyisoprene
content, different distributions of the oxidation products
are expected. The oxidation profiles are determined using
micro FTIR spectroscopic analysis of the one-dimen-
sional gradient. In order to limit the analysis at the
surface (between 1 and 10mm), photoacoustic analysis
are also performed. The methodology has been
previously reported [9].

2. Experimental

The materials investigated were styrene–isoprene
copolymers. The samples were kindly donated by National
Starch & Chemical S.A. (Villefranche sur Saoˆne, France).
Three compositions were tested with different ratios of poly-
isoprene and polystyrene contents determined by NMR.
Sample 1 (SIS-1) is a copolymer containing 15% by weight
of polystyrene and 85% of polyisoprene. Sample 2 (SIS-2)
has a content in polyisoprene of 71% (by weight) and
sample 3 (SIS-3) a content of 56%. The average molecular
weight of these copolymers was 100 000 equivalent poly-
styrene units.

Thin films of polymer (thickness� 50mm) were
prepared by the following procedure. After dissolution of
the polymer in chloroform, the mixture was spread on a
Teflon substrate and free film of SIS was obtained by

solvent evaporation. The complete evaporation of chloro-
form was controlled by IR spectrometry using the C–Cl
vibration at 760 cm21. The film thickness was controlled
and determined by IR (absorbance at 1600 cm21).

The SIS film was fixed on metal frames for irradiation in a
SEPAP 12.24 [10] unit at a temperature of 608C and
analyzed spectrophotometrically after various exposure
times. Infrared analysis were performed with a Nicolet 5-
SX FTIR spectrometer with a nominal resolution of 4 cm21

and 128 scans summation.
In order to identify the photoproducts resulting from the

photooxidation, physical and chemical treatments were
carried out:

• Photolysis and themolysis treatments were performed to
determine the photo- and thermo-stabilities of the photo-
products. The polymer samples fixed on the metallic
frames were introduced into Pyrex reactors and the
tubes were flame-sealed under vacuum (resulting from
a mercury-diffusion vacuum line). The reactors were
then exposed in the SEPAP unit or in a ventilated oven
at 608C.

• Chemical treatments allow the identification of
carboxylic groups like acids and esters. Irradiated films
were exposed to NH3 and HCl [6] gases at room tempera-
ture in a Teflon reactor. The treatments by SF4 were
unsuccessful because the SIS sample reacted with SF4

before irradiation.

Depth profiling was performed on thick sample (thickness
of 3 mm) with a Nicolet 800 spectrometer coupled to a
Nicplan microscope (nominal resolution 4 cm21, 128
scans summation) following a procedure described earlier
[11]. We have shown elsewhere [9] that the microtoming
operating could provoke the elimination of the first layers,
the molecular cohesion of oxidized SIS samples being very
poor at the surface. Complementary analyses were then
performed with photoacoustic detection to determine the
surface oxidation. This methodology has been already
presented in the literature [9,12,13]. The photoacoustic
FTIR spectra were recorded using a Nicolet 860 SS-FTIR
spectrometer in a rapid-scanning mode with a METC Model
300 photoacoustic accessory following the experimental
procedure reported previously [9].

3. Results and discussion

3.1. Part I: mechanism of photodegradation of SIS-1

3.1.1. IR evolutions under photooxidation
Irradiation of SIS films under polychromatic light

obtained from filtered medium-pressure mercury lamps
�l . 300 nm, T � 608C� in the presence of air leads to
noticeable changes of the IR spectra of exposed films
(Fig. 1). A broad increase of absorbance is observed in the
CyO, OH and C–O vibration domains. Subtraction of the
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Fig. 1. Changes of the IR spectra of SIS-1 film photooxidized for 7 h at
l $ 300 nm, 608C: spectra from which the virgin spectrum has been
subtracted (a) in the hydroxyl region and (b) in the carbonyl region.



initial spectrum from the spectra recorded after different
irradiation times allows the observation of several maxima
or shoulders (Fig. 1). The modifications of the spectra
throughout irradiation are emphasized when plotting the
subtraction between two successive IR spectra.

The hydroxyl region (Fig. 1(a)) reveals a broad absorp-
tion band between 3600 and 3100 cm21 with a maximum
shifting from 3430 to 3440 cm21 as photooxidation
proceeds. In the carbonyl region, at weak conversion degree
(Fig. 1(b)), photooxidation leads to the formation of two
bands centered at 1722 and 1693 cm21. As photooxidation
proceeds, the intensity of the absorption band at 1722 cm21

increases and the band shifts to 1717 cm21. A shoulder
appears at about 1772 cm21 and a broad absorption band
is observed between 1690 and 1600 cm21. Subtractions
between the successive IR spectra shows that the general
inflation of the spectrum between 1690 and 1600 cm21

results from two phenomena:

• the formation of photoproducts absorbing at 1675 cm21;
• the consumption of intrinsic groups absorbing at 1663

and 1645 cm21.

In the region of C–H stretching vibrations (Fig. 1(a)), the
absorption bands corresponding to the saturated groups
prevent from observing any change that would occur during
irradiation. The subtracted spectra show the decrease of the
C–H stretching vibrations characteristic of unsaturated
species at 3068 and 3034 cm21.

In the region of C–H deformation vibrations (not repre-
sented there), photooxidation leads to a general inflation of
the spectrum between 1500 and 700 cm21. Subtraction of
the initial spectrum from the spectra recorded after irradia-
tion show a significant decrease of the intensities of several
bands at 1446, 1375, 889 and 835 cm21. New IR absorption
bands at 1163, 1112 and 1062 cm21 appear during
photooxidation.

The kinetic curves of SIS-1 photooxidation are given in
Fig. 2. An induction period of around 2 h is observed. The
concentration of the oxidation products reaches a maximum
after 4–5 h of exposition.

3.1.2. IR evolutions resulting from physical and chemical
treatments of photooxidized samples

Photolysis and thermolysis treatments were carried out on
a sample photooxidized for 140 min atl . 300 nm, 608C.
The purpose of these experiments was to identify the
unstable products under photolytic and thermolytic condi-
tions and to propose a mechanism accounting for the
decomposition of these products (Fig. 3(1) and (2)).

In the hydroxyl range (Fig. 3(1a) and (2a)), a decrease of
the broad band between 3200 and 3600 cm21 can be
observed, with a concomitant shift of the maximum from
3410 to 3460 cm21. The subtracted spectra reveal that their
shift results from the decrease of an absorption band
centered at 3330 cm21.

In the carbonyl range (Fig. 3(1b) and (2b)), the conse-
quences of photolysis appear more complex. At weak
conversion degree (between 1 and 5 h of photolysis), photo-
lysis leads to the formation of an absorption band at
1780 cm21, an increase and a widening of the IR absorption
band at 1720 cm21 and a general deflation of the spectra
between 1700 and 1600 cm21 (Fig. 3(1b)). As photolysis
proceeds (Fig. 3(2b)), a decrease of the absorption band at
1720 cm21 is detected. The differences between the succes-
sive spectra show that the diminution of the IR absorption
results from the disappearance of the unsaturated products at
1690, 1677 with a shoulder at 1665 and 1645 cm21 and also
a disappearance of the carboxylic product absorbing at
1718 cm21 leading to a decrease of the IR absorption at
1720 cm21. As these two bands are convoluted, the
frequency of the absorption maximum found by subtraction
cannot be considered as the absorption maximum of the
band that decreases.

In the range of the C–H deformation vibrations, the
modifications of the spectra are similar to those observed
during photooxidation. The subtracted spectra reveal an
increase of the IR absorption band at 1160 cm21 and a
decrease of the broad absorption band at 1100 cm21. A
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Fig. 2. Kinetic evolution of the IR absorption of the vibrations correspond-
ing to the photoproducts generated by the photooxidation or the consump-
tion of unsaturations under irradiation (SIS-1): (a): (B) 1718, (W)
3441 cm21; (b): (B) 835, (X) 890, (O) 1375, (P) 1467, (V) 1465, (1)
3036, (A) 3070 cm21.



decrease of the band characteristic of the unsaturated groups
at 1441, 1375, 889 and 835 cm21 is also observed.

The kinetic curves corresponding to the photolysis
experiments are reported in Fig. 4. The following comments
have to be made:

• The intensity of the absorption band at 1780 cm21

increases rapidly in the first hours of irradiation and
reaches a constant value after 100 h of photolysis.

• The concentration of the carboxylic products correspond-
ing to the absorption band at 1717 cm21 increases in the
first hours of irradiation and then decreases to reach a
constant value.

• A decrease of the IR absorption bands at 835, 889, 1375,
1441, 1645 and 1665 cm21 occurs.

• The IR absorption bands at 1678, 1690 and 3330 cm21

decrease rapidly and reach a constant value.

Throughout the thermolysis experiments (Fig. 5) the
absorbances at 1780, 1720, 1690 and 1680 cm21 increase
whereas a decrease of the IR absorption at 3329 cm21 is
observed. The decrease of the absorption bands at 1665,
1645, 1375 and 1441 cm21 noted after photolysis is not
observed in thermolysis.

These experiments show the thermal and photochemical
stability of the products corresponding to the bands at 1780
and 1720 cm21 and the photochemical instability of the
species absorbing at about 1717, 1693 and 1680 cm21.

NH3 treatment carried out on photooxidized samples
(after 140 min of irradiation) provokes the disappearance
of a large absorption band between 1760 and 1700 cm21

centered at 1720 cm21 with a shoulder at about
1695 cm21. The formation of a new absorption band at
1570 cm21 is detected. Furthermore after reaction with
HCl vapors, the absorption band at 1570 cm21 decreases
whereas the carbonyl absorptions at 1717 and 1693 cm21

are restored.

3.1.3. Photooxidation mechanism
The photolysis experiments show that the absorption

band between 3600 and 3100 cm21 results from the convo-
lution of two absorption bands with maxima at 3440 and
3325 cm21 corresponding, respectively, to alcohols and
associated hydroperoxides. This result is in good agreement
with the work carried out by Adam et al. [2] that had shown
that the photooxidation of polyisoprene led to a high
concentration of hydroperoxides.

The maximum at 1722 cm21 has been formerly [2]
assigned to methyl ketone on the basis of the disappearance
of the band in conditions of photolysis or thermolysis. The
photolysis experiment carried out in the present study
indicates, however, that only part of this photoproduct
decomposes. This result is confirmed by the NH3 treatment.
This indicates that the absorption at 1722 cm21 could be the
convolution of two bands corresponding to a methyl ketone
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Fig. 3. Changes of the IR spectra of SIS-1 film photooxidized for 140 min atl $ 300 nm, 608C then photolyzed atl $ 300 nm, 608C. Only subtracted spectra
between the photooxidized film and the film photolyzed are represented (SIS-1): (1) for short irradiation times and (2) for long irradiation times (a) in the
hydroxyl region and (b) in the carbonyl region.



as proposed by Adam et al. [2] and to ana,b-unsaturated
ester. The photolytic decomposition of ketone results from
Norrish I reaction.

Formation of carboxylated products absorbing at
1772 cm21 is detected and can be attributed to lactone or
the monomer form of carboxylic acids [6]. It is important to
point out that Norrish II reaction cannot occur because of
the substitution of the carbon atom in theg-position from
the carbonyl group. The decomposition of hydroperoxides
to alcohol has to be considered as a minor process since no
increase of the absorption band at 3440 cm21 is detected. A
concerted mechanism of decomposition of the hydroperox-
ides should be postulated as responsible for the formation of
ester groups. According to literature data [14], the IR
absorption band at 1163 cm21 can be assigned to the stretch-
ing vibration of the C–O group of thea,b-unsaturated ester
groups.

The maxima at 1693 and 1680 cm21 are associated to
a,b-unsaturated carbonyl functions, on the basis of their
thermal stability and their photolytic decomposition. The
maximum at 1690 cm21 had been previously assigned to
a,b-unsaturated ketone [2,4], from the unreactivity with
NH3 and the photolytic decomposition. A closer inspection
of the IR absorption after NH3 treatment shows that product
reacts with NH3. This reaction appears to be reversible after
an HCl treatment. The photooxidation mechanism of degra-
dation of polybutadiene proposed by Rivaton [6] shows that
this IR absorption cannot be attributed to ana,b-unsaturated
ketone but indicates the formation of ana,b-unsaturated
acid whereas the 1680 cm21 absorption has to be attributed
to ana,b-unsaturated ketone. This last product is too photo-
unstable to be detected.

The significant decrease of the bands assigned to the
microstructure (1,4 unsaturations at 835 cm21 and 3,4 unsa-
turations at 889 cm21) has been previously reported to occur
throughout photooxidation atl . 300 nm. These variations
must be related to:

• the decrease of the absorption bands at 1645 and
1663 cm21 assigned to the CyC vibration of 3,4 and
1,4 double bonds;

• the decrease of the absorption bands at 3068 and
3034 cm21 assigned to C–H stretching vibration of 3,4
and 1,4 double bonds;

• the decrease of the absorption bands at 1441 and
1375 cm21 assigned, respectively, to the CH2 cis-defor-
mation of the 3,4 unsaturation and to the C–H rock
vibration of the 1,4 unsaturation.

As an example, the correlation between the IR absorbances
at 3034 and 835 cm21 characteristic of the 1,4 unsaturations
is shown in Fig. 6.

It is worthy to note that the absorption band characteristic
of the 1,2 unsaturations at 910 cm21 is not easily observed
on the initial spectrum. However as photooxidation
proceeds, the consumption of the unsaturations leads to a
decrease of the IR absorption at 889 cm21 which simplifies

the spectrum, and permits observing the absorption band at
910 cm21 on the spectra of difference.

The kinetic curves reported in Fig. 2 indicate that after 8 h
of irradiation, the concentration in carbonyl groups reaches
a limit value, as well as the intensity of the unsaturation
bands. It is important to point out that about 70% of the
initial unsaturations react within only 4 h of irradiation
(Fig. 7) and that the disappearance of unsaturations is simul-
taneous to the formation of carboxylic species.

This behavior has been explained by Adam et al. [2] as
resulting from oxidative cross-linking reactions which
would result in a decrease of the oxygen permeability of
the material. The solubility of the polymer in chloroform
diminishes as the photooxidation proceeds and after 8 h of
irradiation, the material becomes insoluble in CHCl3,
demonstrating the formation of a tridimensional structure.
The same evolution can be observed during the photolysis
of a prephotooxidized sample. Rivaton and coworkers [6]
have postulated that this cross-linking reaction would result
from:

• the loss of unsaturation ofa,b-unsaturated oxidized
products through cross-linking:

• the formation of ether linkage through photooxidation:

It is important to note that no trace of the photoproducts
that could be attributed to the photooxidation of polystyrene
segment is detected. This indicates that the photodegrada-
tion of the polyisoprene segments does not induce the
photodegradation of the polystyrene segments on this time-
scale. Thus, the mechanism of degradation can be proposed
as in Schemes 1–3.

3.2. Part II: kinetic and profile of degradation

The modifications of the IR spectra recorded for the two
other materials (SIS-2 and SIS-3) are similar to those
recorded for the copolymer SIS-1 (Fig. 1). The subtractions
between the successive spectra reveal the formation of
carboxylic species absorbing at 1772, 1740, 1722, 1717,
1690 and 1675 cm21. On this basis, it can be concluded
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that the mechanism of the photooxidative degradation of
these copolymers (SIS-1, SIS-2, SIS-3) are not depending
on the polyisoprene content.

The presence of polystyrene could however modify the
extent of degradation by limiting the oxidative cross-linking
process. As the analyses show that the polystyrene segments
are not photooxidized on this timescale, the kinetics of
degradation will have to be compared for the same level
of polyisoprene. The results have then to be corrected on
the basis of the theoretical composition in polyisoprene
segments. The factors applied are reported in Table 1. The
corresponding kinetic curves of oxidation of the various
samples are reported in Fig. 8.

These results confirm that the evolutions of these materi-
als are similar whatever the composition of the copolymers.
The extent of degradation is not dependent on the content of
polyisoprene. One could then postulate that the profile of
oxidation through the sample thickness should be similar.
The determination of the distribution profiles were
performed by microspectrophotometry and photoacoustic
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Fig. 5. Changes of the IR spectra of SIS-1 film photooxidized for 140 min at
l $ 300 nm, 608C then thermolyzed at 608C: subtracted spectra between
the photooxidized film and the film thermolysis for various durations (a) in
the hydroxyl region and (b) in the carbonyl region.

Fig. 6. Relationship between the IR absorbances at 1375 and 835 cm21.

Fig. 7. Kinetic of formation of the carboxylic products absorbing at (O)
1717 cm21 and the consumption of the double bands at (B) 835 and (W)
890 cm21 during the photooxidation (SIS-1 sample).

Fig. 4. Kinetic evolutions of the photoproducts generated by photooxidation
or the consumption of the unsaturations during the photolysis experiments
(SIS-1): (a) (B) 889, (W) 835; (O) 1645, (S) 1666; (× ) 1678, (P)
1693 cm21; (b): (B) 1733, (W) 1780, (O) 1718 cm21.



FTIR. As introduced previously [9], the major drawback of
the PAS technique is that the signal depends on several
parameters which cannot be exactly controlled. In order to
overcome this problem, the utilization of a reference
absorption band as internal standard must be applied. The
investigations on the mechanism have shown the stability of
the styrene phase during the irradiation. The IR absorption
bands of this phase can then be used as reference for the
calibration of the PAS experiments.

The IR absorption at 1600 cm21 characteristic of the
aromatic ring was chosen. In order to define the oxidation
profile from the surface to the bulk, the same methodology
must be applied to the microspectrophotometric analysis.
The IR analysis of the photooxidation has shown that the

absorption band at 1717 cm21 is characteristic of the major
oxidation photoproducts. The profiles of the oxidation
products are then drawn as the ratio 1717/1600 through
the sample thickness. As the extent of degradation of the
material is directly proportional to the content in polyiso-
prene, the profiles must be normalized to be comparable.
The normalization is realized by dividing the ratio 1717/
1600 cm21 by the value found on the outer surface of the
sample. The profile determined by these techniques are
reported in Fig. 9.

These results demonstrate that the oxidation is not modi-
fied by the presence of the polystyrene segments. The same
concentration of photoproducts is formed through the
sample thickness.
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Scheme 1. Mechanism of photooxidation of 1-4 segments.



The mechanism of photooxidative degradation proposed
is based on the chemical evolution of the polymer under
irradiation. An oxidative cross-linking process has been
proposed to explain the apparent stability of these materials
after 8 h of irradiation whereas the rate of oxidation is very
important in the first hours of exposition. This mechanism is
based on:

• a decrease of the permeability to oxygen of these materi-

als after only a few hours of irradiation [2,6] resulting
from the cross-linking of the material;

• a rapid reaction of unsaturations under irradiation leading
to their disappearance;

• the apparent photostability of these materials after 8 h of
exposition.

As cross-linking implies the addition of two unsatura-
tions, the introduction of a photostable product should be
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Scheme 2. Mechanism of photooxidation of 1-2 segments.



expected to modify the mechanism of degradation. Indeed,
the introduction of polystyrene segments should contribute
to:

• the formation of an entanglement of the macromolecular
chains and as a consequence a physical dilution of the
polyisoprene segments;

• a decrease of the molecular mobility of the chain as the
glass transition of the polystyrene segments is about
1008C.

L. Gonon, J.-L. Gardette / Polymer 41 (2000) 1669–1678 1677

Scheme 3. Mechanism of photooxidation of 3-4 segments.

Table 1
Correction factor applied on the kinetic curves to reach a constant concen-
tration in polyisoprene whatever the composition of the sample

Copolymer Polyisoprene segments (wt%) Correction factor

SIS-1 85 1
SIS-2 71 1.2
SIS-3 56 1.5

Fig. 9. Depth analysis (oxidation profiles) of photooxidized copolymers
based on the ratio 1718 cm21/1600 cm21 determined by PAS-FTIR spectro-
scopy (- -) and micro-FTIR (—): (O) copolymer SIS-1, (B) copolymer SIS-
2 and (W) copolymer SIS-3.

Fig. 8. Variation of the absorbance corresponding to the oxidation photo-
products and to the unsaturations under irradiation: (O) SIS-1, (B) SIS-2,
(W) SIS-3 based on a same content of polyisoprene (the corrected factors
applied are reported in Table 1). (a) 890, (b) 835, (c) 1718 cm21.



These two parameters should contribute in reducing the
oxidative cross-linking process and then oxidation would
not be limited to the outer surfaces of the sample. Our
results show that this is however not the case. The literature
[15–18] reports that the non-miscibility of polystyrene and
polyisoprene leads to a phase separation. Differential scan-
ning analysis performed on these materials shows two glass
transitions at about260 and 758C (at the mid point). A
complete demixion phase has to be excluded considering
a sample containing 44% of polystyrene (SIS-1). Neverthe-
less, according to the glass transitions found, it can be
considered that there are two phases, one which contains a
high content of polyisoprene (more than 90% from a
mixture law) and the other very rich in polystyrene (more
than 92%). Each phase can then be considered as an inde-
pendent photochemical reactor. So, the mechanism of
degradation and as a consequence, the extent of oxidation
of these materials is independent of their composition.

4. Conclusion

The mechanism of photodegradation established from the
physical evolution of styrene–isoprene copolymers
indicates that the styrene segments can be considered as
photostable under irradiation. The photooxidation of
isoprene segments leads to:

• the formation of carbonylated photoproducts identified
to ketones anda,b-unsaturated esters absorbing at
1717 cm21;

• the consumption of the intrinsic unsaturations;
• the formation of a three-dimensional structure.

The analysis of different mass compositions (polyiso-
prene/polystyrene ratio) indicates that:

• the kinetic of oxidation of these materials is independent
of the polyisoprene content;

• the degree of oxidation is proportional to the polyiso-
prene content;

• the distribution of the photoproducts through the material
thickness is not modified by the variations of the compo-
sition.

These results indicate that the polystyrene segments can
be considered as an inactive charge in terms of photooxida-
tive degradation of the material. It may be postulated that
the absence of interactions between the polyisoprene and the
polystyrene segments results from an incompatibility
between these polymers leading to a phase demixion. The
nodules can be considered as independent photochemical
reactors with their own kinetic of degradation.
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