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Abstract The influence of dibutyl phthalate, dioctyl
phthalate, dimethyl terephthalate, diethyl terephthalate, and
dioctyl terephthalate-plasticizers on poly (para-methoxy
styrene) photodegradation was investigated by UV-vis,
fluorescence, and FT-IR spectroscopic methods. The
increase in irradiation time caused an increase in the
absorption band of the polymer and an increase in the
absorption of new band at longer wavelength, thus indicat-
ing a possibility of photodegradation of polymer films. The
study on poly (para-methoxy styrene) photodegradation was
also compared to varying phthalate and terephthalate
plasticizers in order to provide an understanding of its
photodegradation vis the presence of phthalates and
terephthalates plasticizers. The decrease in the excimer
fluorescence upon the increase in the time of exposure to
UV-radiation provides an evidence for the degradation of
polymeric chains through a chin scission processes. The
increase in the photodegradation of the polymer increased
with the increase in the bulkiness of added plasticizer mol-
ecule. IR-spectra of irradiated pure and blended polymer
films indicated that the photodegradation of the polymer
occurred, by the formation of new absorption bands, and the
increase in the intensity of other bands.

Introduction

Polystyrene (PS) is very important polymer that has many
excellent properties such as high electrical resistance, and
good mechanical properties under various conditions.
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However, since PS degrades easily at high temperature and
upon exposures to light, the needs of preparing new poly-
styrene derivatives to improve the thermal- and photo-
stabilization is of a greater interest. Some of the works that
are interested in this area is the use of stabilizers and
plasticizers that can cause less degradation to the polymer
upon exposure to thermal and light energies, as well as the
improvement of mechanical properties of the polymer
[1-4].

The photodegradation of polystyrene [2—6] and substi-
tuted polystyrene [7, 8] have been extensively studied by
both theoretical and experimental approaches. The results
obtained for photodegradation of polystyrene indicate that
these processes are more complicated than what has been
predicted by theoretical aspects [3]. The difficulties in
presenting a satisfactory mechanism for photodegradation
of polystyrene can be attributed to the fact that the mech-
anism of degradation differs in terms of structure and state
of the polymer.

The mechanism of interaction of photon energy with
polymeric chromophores involves complex physical and
chemical reactions. The photodegradation is triggered by
the formation of free radicals by UV-irradiation. The
photon energies associated with the light absorbed at UV-
region are sufficient to break many of the chemical bonds
present in the polymeric chains. Therefore, the main pro-
cesses which arise from photo-irradiation are chain
scission, cross-linking, and photo-oxidation [9]. Photo-
degradation of polymers, on the other hand, is in most
cases initiated by abnormal groups, which can be intro-
duced into polymer backbone during their manufactures.
Such structures as initiator fragments, chain branching
points, peroxy, and carbonyl groups are present in polymer
backbone in very low concentrations. Some of these groups
do not directly weaken the polymer chain but provide
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initiation points for peroxidation by atmospheric oxygen.
The formed peroxy and hydroperoxy groups are truly weak
links, and their radical decomposition products initiate
photodegradation processes [1, 10].

Many investigations concerned with the degradation of
PS [11-15] and substituted polystyrene [16—18], showed
that most of substituted polystyrene are more easily pho-
todegradable than PS, owing to the relatively weak bonds
in substituted polystyrene. Recently, studies of thermal
degradation of ring-substituted polystyrene have showed
that degradation characteristics are sensitive to ring sub-
stitution, in particular, electron-withdrawing groups (Cl,
and Br) that tend to reduce the thermal stability, largely by
producing depolymerization radicals [15, 19].

A previous study on the photodegradation of substituted
polystyrene in solution, showed a new fluorescence bands
at longer wavelength, which may indicate new products
formed as a result of photodegradation [20]. The formation
of hydro peroxides, as primary photoproducts, is well
established. Several types of secondary reactions are
reported to involve direct photolysis, decomposition by
energy transfer, and intermolecular decomposition which
might lead to the formation of carbonyl and hydroxyl
compounds [21-23]. Numerous structures have been
reported on the bases of IR and visible analysis [24-26].
Among these structures are aromatic ketones formed by
decomposition of tertiary hydroperoxide [27]. Aliphatic
ketones have also been reported, as they would be formed
by oxidation of the secondary carbon atom on the poly-
meric backbone. Oxidation of the aromatic ring has been
also postulated to lead to the formations of aldehyde type
structures [3, 27]. However, the main evidence for the
formation of these photo products is the position of the IR
absorption maxima in the C=0 domain [25].

The purpose of the present work is thus to study the
effect of added phthalate and terephthalate plasticizers on
the photodegradation of pure and blended poly (para-
methoxystyrene) (PMXS) in solid films. Plasticization with
terephthalate showed a lower degradation towards UV-
irradiation in comparison with that of phthalate plasticiz-
ers. The effects of UV-irradiation on plasticized and non-
plasticized PMXS solid films were followed by absorption,
fluorescence, and FT-IR spectroscopic techniques.

Experimental

Materials

The sample of poly (para-methoxystyrene) (PMXS) was
supplied by Across-Organics with high-purity, and with

(Myw = 24,900). Only spectroscopic grade dichloroethane
(DCE) was used in preparation of solid films, and found to

give no detectable absorption in range 250-400 nm. It was
purchased from Fluka GMBH and used as received. The
used plasticizes are dimethyl terephthalate (DMT), diethyl
terephthalate (DET), dioctyl terephthalate (DOT), dibutyl
phthalate (DBP), and dioctyl phthalate (DOP). These were
of high-purity of about 99.8%, and were purchased from
Across-Organics. All used plasticizers were found to have
no absorption in the region of absorption or emission of
poly (para-methoxystyrene) of 260-500 nm.

Preparation of plasticized polymeric solid films

PMXS thin films with thickness of approximately 0.02 mm
were prepared by solution casting of 20 wt% polymer
in DCE on a spectroscopic window (quartz plate of
1.0 mm x 20 mm diameter). Also 0.02 mm thick PMXS-
plasticizer films, with different wt% plasticizers were pre-
pared by solution casting a 20 wt% polymer in DCE solvent.
These films were used to get better insight into the possibility
of photodegradation of the polymer during irradiation. The
films were dried in a vacuum oven at 300 K for 6 h, to ensure
the complete removal of solvent traces [18].

Irradiation of solid films

Polymeric solid films were exposed to UV-radiation for
different intervals of time, from (0.0-4.0 h), using a
JASCO spectrometer with a built in Hydrogen-Xenon lamp
(6808-J007A model number ESC-333), supported with
monochromator of holographic grating with 1,800 groves/
mm. The irradiations of solid films were carried out in
thermostated solid sample holder in presence of air, and at
298 K. A 265 nm monochromatic light was selected for
irradiation of solid films, with intensity of 4.9 mW/cm?>.
Each polymeric film was exposed to UV-irradiation for
different intervals of time.

Fluorescence measurements

Fluorescence spectra were recorded on JASCO-FP 6500
spectrofluorometer for each of the prepared films. All
measurements were preformed under the same conditions
of temperature, and excitation and emission slits width to
avoid any influence on the physico-chemical properties of
PMXS films. The excitation wavelength was 265 nm, and
the emission wavelength range was 270-500 nm. All
fluorescence spectra were obtained by using a thermostated
solid sample holder.

UV-absorption spectra measurements

The UV-absorption spectra for PMXS solid films were
recorded before and immediately after the exposure to
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UV-irradiation, with a Cary 100 Bio UV-visible Spectro-
photometer.

Measurements of FT-IR-spectra

For IR-measurements, polymer solid samples were irradi-
ated for different intervals of time; then the IR-spectra were
recorded for the irradiated and non-irradiated polymer
films on a KBr disk on NICOLET-MAGNA-IR-560-
Spectrometer.

Results and discussion

Absorption spectra of plasticized and non-plasticized
PMXS solid films

The effects of UV-light irradiations on the efficiency of
photochemical processes in films of pure PMXS, as well as
in films with wt% of (1-4%) of added phthalates and
terephthalate plasticizers were studied by measuring their
absorption spectra. The analysis of UV-absorption spectra
of non-irradiated and irradiated PMXS films, as presented
in Fig. 1, has shown that during the exposure of pure
PMXS solid films to UV-radiation for different intervals of
time at 265 nm, a small increase in the intensity of the
absorption band took place with the increase in irradiation
time.

It was found that short-wavelength UV has sufficient
energy to cleave the bonds in the polymeric chains with the
production of free radicals. The produced radicals can
initiate further reactions with molecular oxygen, which
result in the splitting of the molecular chains, and
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Fig. 1 Absorption spectra of irradiated and non-irradiated PMXS
films, at irradiation time of 0.0, 1.0, 2.0, and 3.0 h (from bottom to
top), (Aexe = 265 nm)
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producing new fragments. Irradiated plasticized PMXS
solid films had also shown a higher increase in the intensity
of the absorption spectra, and a change in the structure of
the absorption band, with the increase in irradiation time. It
was reported that the UV-spectra of irradiated PS con-
taining additives, displayed an increase in the intensity of
absorption at 310 nm region, and was chosen as a measure
of the photodegradation of PS solid films [28]. This effect
was attributed to the formation of a carbonyl group adja-
cent to phenyl group of PS. The presence of plasticizer
molecules in the blended PMXS film also increased the
absorption intensity and change in the structure of the
absorption band, as presented in Fig. 2.

The presence of oxygen distinctly increased the effi-
ciency of absorption and accelerated the photo-oxidation of
polymeric chains, which led to the formation of macro-
radical species [29]. Radicals thus formed may recombine
to give conjugated m-electron system. The conjugated
species are usually presumed to be poly phenyl cross-
linked products, which result from phenyl radical recom-
bination after direct bond scissions [30]. As can be seen in
Fig. 2, a new absorption band at about 290 nm is noticed,
where its intensity increases by the increase in the mass
percent of added dimethyl terephthalate plasticizer. The
formation of such new absorption band may be attributed
to the formation of low-molar mass products, as a result of
the reaction between radicals through abstracting hydrogen
atoms of the methylene groups in irradiated PMXS film.
This suggests that added plasticizers alter both the photo-
chemical stability of PMXS and the process which led to
the increase of absorption, such as photodegradation (with
scission of bonds in the polymer chains) or photo-trans-
formation (with changes in the conformation of DMT
molecules). Moreover, the increase of absorption of irra-
diated DMT doped PMXS films, and the increase in the
intensity of the absorption band at 290 nm, suggest that
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Fig. 2 UV-absorption spectra of PMXS films irradiated at 2.0 h as
function of added DMT plasticizer (from bottom to top)
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photo-oxidation and photodegradation processes are the
main dominating processes in the irradiated polymer.

Irradiation time effect on the quenching of excimer
fluorescence of PMXS solid films

A number of studies have provided information about
photodegradation of para-substituted polystyrenes in solid
films [31-33] and in solutions [20]. Therefore, the effect of
irradiation on the degradation of PMXS has been examined
by fluorescence technique. The fluorescence spectra were
obtained for PMXS films, photo-irradiated in the presence
of air as well as the non-irradiated polymer solid film at
265 nm, and are presented in Fig. 3.

In a recent work [34], PMXS gave strong excimer
fluorescence band centered at about 324 nm, and gave
relatively very weak monomer fluorescence band in solid
films, as only the polymer chromophores absorb in the
region 260-295 nm. Irradiation of the polymeric film at
different exposure time was accompanied by the gradual
decrease in excimer emission band. However, the excimer
fluorescence band shifts from 324 nm to about 329 nm
when solid films of PMXS were irradiated for 0-80 min. It
seems that the quenching of excimer emission of the irra-
diated films occurs as a result of photo-oxidation and
photodegradation of polymeric chains. The band shift can
be explained by the formation of the conjugated double
bonds during the photodegradation by hydrogen abstraction
process [34, 35]. The shift in emission band of irradiated
PMXS films is in good agreement with that reported with
irradiated polystyrene and poly (vinyl chloride) solid films
[36]. Tovborg and Kops [37] pointed out that quenching of
polymeric emission might be attributed to the energy
transportation of the oxides formed by the photo-oxidation
of UV-radiation. Wu et al. [38] also studied the photo-
oxidation of polystyrene by fluorescence spectra and pro-
posed that the quenching of polystyrene fluorescence was
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Fig. 3 Fluorescence spectra of PMXS films as a function of UV-
aerated exposure time at L., = 265 nm (Irradiation time for spectra
from top to bottom, at 0.0, 10, 20, 30, 40, 50, 60, 70, and 80 min)

attributed to the quenching effect of the peroxides formed
during UV-irradiation.

Irradiation time effect on excimer fluorescence
of plasticized PMXS solid films

The effect of UV-irradiation on degradation of polystyrene
and substituted polystyrenes receives a considerable
attention, mainly due to their industrial importance [7, 8].
However, the photodegradation of some substituted poly-
styrenes has been studied extensively but no work on
photodegradation of plasticized PMXS has been reported.
The presence of plasticizers in solid films of PMXS would
result in quenching of both monomer and excimer emis-
sions and in increasing the fluorescence intensity of a
longer range band of the exciplex emission [35]. The latter
was increased as the amount of added plasticizer increases;
no attempt was made to study the irradiation effect on the
degradation of PMXS in the presence and absence of
plasticizers [34]. For all the quenching processes, there was
no change in the shape of the fluorescence spectra, or
change in the absorption spectra of PMXS-quencher sys-
tem, even with high concentration of added plasticizers, as
seen in Fig. 4.

In an earlier study, it was found that the absorption
spectra for PMXS containing a verity of DOT plasticizer
showed that at excitation wavelength of 265 nm, DOT
molecules do not absorb and only the PMXS chromophores
are excited [35]. The absence of any change in the position
of the absorption spectra, or the formation of a new
absorption band at longer wavelength indicated the absence
of a ground state complex formation [35]. The irradiation
time effect on fluorescence quenching of blended PMXS
with 4.0% of DMT is shown in Fig. 5.

As can be noticed in Fig. 5, the band centered at 324 nm
is representing the excimer fluorescence, where the band at
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Fig. 4 Steady-state fluorescence quenching of PMXS by DOT in

solid films. The mass% of added DOT are: (1) 0.0%, (2) 1.0%, (3)
2.0%, (4) 3.0%, (5) 6.0%, and (6) 8.0%, at A = 265 nm
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3 100 Table 1 Effect of amount of added DMT on the efficiency of exci-
< mer fluorescence quenching of PMXS films
~ 80
_ﬁ ;L(emis) (nm) DMT- Time (IEX /IEX) kPQ
g 60 (max) plasticizer (min) Irradiated
£ (%)

Q

g 40 327 0.0 120 8.34 0.041
§ 20 327 1.0 120 6.99 0.033
g , Increase of 328 15 120 6.46 0.029
= irradiation time

= 0 A n 329 25 120 5.20 0.022

270 300 400 500 329 3.0 120 4.45 0.019
Wavelength [nm] 330 35 120 4.02 0.016
331 4.0 120 3.56 0.013

Fig. 5 Fluorescence spectra of PMXS films plasticized with 4.0%
DMT at irradiation time of 0.0, 10, 20, 30, 40, 50, 60, 70, 80, and
90 min

429 nm is representing the exciplex fluorescence. Although
no isopiestic point was observed, both excimer and exci-
plex emissions were quenched by irradiation of plasticized
PMXS solid films at different intervals of exposure time.
We also observed a small red shift in the excimer fluo-
rescence band during irradiation of polymeric films. The
efficiency of fluorescence quenching with irradiation time
for the non-plasticized PMXS showed a larger value than
that found for plasticized polymer. Hence, increasing the
time of irradiation of blended PMXS showed a smaller
decrease in the intensity of both excimer and exciplex
emissions in solid films, as can be seen from Fig. 5. This
indicates that the irradiated polymer chains may well
undergo photo-oxidation, as well as chain scission, which
lead to a reduction in the intensity of both emissions with
the increase in time of irradiation.

The comparison of the quenching efficiencies of blended
PMXS with different mass percent of DMT to that of pure
PMXS films is shown in Fig. 6.

4 4.0%DAT
= 350 DAT
4 3.0%DMT
0 2.5% DT

10 1

I’ gx11gx

200
Irradiation Time (min)
Fig. 6 Effect of plasticizer concentrations of DMT on fluorescence

quenching of PMXS films at different irradiation time at (ley =
265 nm)
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It was reported that blending of PS with other polymers
or with stabilizers and plasticizers may offer opportunities
to improve stability, and reduce brittleness of the polymer.
So far, many PS blends containing poly (vinyl acetate)
have been reported [1, 38]. It was found that the processes
of photo-oxidation and photodegradation were accelerated
in blends compared to pure PS.

As is evident in Fig. 6 and Table 1, the ratio of
(Itx/Iex) decreases with the increase in the amount of
added DMT plasticizer, and also increases with the
increase in the time of irradiation, where Iy is the intensity
of excimer emission of unirradiated doped or pure polymer
film, and Igx is the intensity of excimer emission of doped
or pure polymer film after exposure to different interval of
time. It was found that excimer fluorescence of PMXS
solid films was readily quenched in the presence of ground
state plasticizer molecules, and increased with the increase
in added plasticizer [35]. The efficiency of the fluorescence
photo-quenching rate constant kpg was found to decrease
with the increase in added amount of plasticizers and with
the increase in time of irradiation. It has been reported that
the photo-stability of PS was reduced by the addition of
polymeric additives, which depends on the chemical
structure of the additive [28]. Chain scissions and changes
in the molecular weight distribution were the main reac-
tions resulted from the photo-oxidation of irradiated
plasticized PS films [3]. It was also found that the increase
in the bulkiness of the additives increases the fluorescence
quenching efficiency as seen in Fig. 7.

The comparison of the change of the ratio of (Igy/Iex)
for pure PMXS film to that of blended PMXS with 4.0% by
mass of DMT, DET, DOT, DBP, and DOP is shown in
Fig. 8.

In general, blended PMXS films with phthalates plasti-
cizers gave higher fluorescence quenching efficiencies than
that obtained with unblended polymer, while blended
PMXS films with terephthalates plasticizers gave lower
fluorescence quenching efficiencies than that obtained with
unblended polymer. The presence of plasticizer molecules
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Fig. 7 Effect of added mass percent of (a) DET, and (b) DOT on
fluorescence quenching of PMXS films at different irradiation time at
(Aext = 265 nm)
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Fig. 8 Effect of plasticizers molar mass on fluorescence photo-
quenching of PMXS films at different intervals of exposure time,
(Aext = 265 nm)

in the polymer matrix was found to cause a lowering in the
activation energy during the thermal degradation of PMXS
films [16]. It was attributed to the lowering in the charge
transfer character of the excimer conformation. As can be
seen from Fig. 8, the photo-quenching of excimer fluo-
rescence was increased with the increase in molar mass of
the used terephthalate plasticizers, a fact that correlates
well with that obtained for the thermal degradation of

plasticized PMXS solid films [16]. The trend of increase in
the efficiency of excimer fluorescence quenching is
DOT > DET > DMT. Phthalate plasticizers, DBP, and
DOP showed higher efficiency of photo-quenching than
what was obtained by terephthalate plasticizers. This
behavior may indicate that there is a higher stability for the
(terephthalate-PMXS)* excited complex than that of
(phthalate-PMXS)* excited complex [16]. It is more likely
that the bulkiness of the doped plasticizer molecules can
lower the stability of the formed energy transfer complex,
and also to the exciplex activation energy for exciplex
formation of charge transfer character.

The comparison for the efficiency of fluorescence
quenching (Igy/Igx) and the photo-quenching rate con-
stant (kpg) values, for the irradiated pure and blended
PMXS films are shown in Table 1.

In the effect of concentration of added quencher on the
fluorescence quenching process, Stern-Volmer plot is nor-
mally used for quenching process to evaluate some kinetic
parameters like quenching rate constant and quenching
cross-section [38]. Assuming that we can apply this theory
for photo-quenching process, where the quenching process
is affected by the amount of absorbed radiation, then,

Ilc:ix/IEX: 1+(k{)Q><A><l) (1)

where (A) = number of (photons/s) absorbed by polymeric
chromophores.

t = time of irradiation.

If we assume that the number of photons emitted from
the source of light per second (photons/s) during irradiation
is (A), and is constant value during irradiation, then (k'pg
A) = ka:

x/Tex = 1+ (kpq X 1) (2)

where kpg is the photo-quenching rate constant.

In the photo-quenching processes, if we assume that the
number of photons absorbed by polymer chromophores/s,
is constant, and then we can plot (I3y/Igx)-values against
times of irradiation (7). From this plot, similar to that of
Stern-Volmer, we can evaluate the photo-quenching rate
constant kpg, for irradiated pure and PMXS blended with
the used plasticizers, as shown in Table 2.

From kpg values for pure and plasticized PMXS films,
DBP plasticizer showed a higher value of photo-quenching
rate constant compared to that plasticized with tere-
phthalate plasticizers, where DMT plasticizer gave the
lowest value of quenching efficiency.

FT-IR spectra of irradiated and non-irradiated PMXS
solid films

It has been reported that irradiation of polystyrene solid
films resulted in changes in the FT-IR absorption spectra
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Table 2 Relative intensities of the ratio (IEX /IEX) and kpq values for
excimer fluorescence spectra of pure and blended irradiated PMXS
films

Aexe)  Aemisy (nm)  Plasticizer  Time (Ix/Iex) ke
(nm) (max) (4.0%) (min) Irradiated

265 327 - 120 8.33 0.041
265 329 DMT 120 3.55 0.014
265 330 DET 120 4.34 0.017
265 330 DOT 120 6.30 0.029
265 333 DBP 120 9.66 0.046
265 331 DOP 120 8.63 0.043

[39]. The formation of the absorption peak at 275 nm in the
irradiated solid films has been attributed to polyene
sequences with three—six conjugated double bonds
[39-41].

In the irradiated PMXS solid films, a decrease in the
fluorescence intensity as well as a small increase of the
absorbance at longer wavelength 290-305 nm were
observed, and is due to the formation of new chromoph-
ores. In order to confirm the presence of photodegradation
products in the irradiated PMXS films, solid films of this
polymer were irradiated for 0.0 and 2.0 h in the presence of
air, and at 298 K, then the FT-IR spectra were recorded
before and after irradiation, as shown in Fig. 9.

Figure 10 shows the FT-IR spectra of the blended
PMXS film with 4.0% DET and the irradiated blended
PMXS films with 4.0% DET for 0.0 and 2.0 h, at 298 K.

As can be noticed in Fig. 9, modifications occur in
different bands in the FT-IR spectra of the irradiated
PMXS film. The increase of the bands at (2,994, 2,920,
2,833 cmfl), can be assigned to formation of more

Wavenurmber (cr'l)

Fig. 9 FT-IR spectra for PMXS film at 298 K, (solid line) and PMXS
film irradiated for 2.0 h at 298 K, (fade line) (Ao = 265 nm)
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Fig. 10 FT-IR spectra for PMXS + 4.0% DET (solid line) and
irradiated PMXS + 4.0% DET (fade line) for 2.0 h at 298 K
(Jext = 265 nm)

conjugated double bonds or to increase in the aromatic
structure of the polymer backbone. The irradiated PMXS
film at 265 nm shows that the photo-oxidation led to the
formation of a new band centered around 1,714 cm™', as
well as enhancement in the intensity of the bands; 1,610,
1,511, and 1,501 cm ™! as shown in Table 3.

The increase of the absorption band around 1,714 cmfl,
with the increase in irradiation time is evidence of the
creation of new photo-oxidation products. However, the
interpretation of this band is not simple because of the
overlapping of the different types of carbonyl species in the
same frequency range. It is generally accepted to attribute
the absorption band for C=0 stretching vibration at (1,705—
1,715 cm_l), to saturated and unsaturated ketones and
aldehydes [39, 41]. The increase in the FT-IR absorption
bands at 1,610 and 1,511 cm~! indicate modifications in
ring substitution; it means that the aromatic rings loose
their symmetry throughout photo-oxidation processes [29].

The FT-IR spectra also make it possible to draw some
conclusions about photodegradation of irradiated PMXS
and irradiated DET doped PMXS films. As can be seen in
Fig. 10, there was an increase in the intensity of the
absorption bands at the range (3,428-825 cm™') upon
blending PMXS film with 4.0% DET. This increase in the
absorption intensities even larger than that observed in case
of irradiated pure PMXS film at 265 nm for 2.0 h. The
formation of carbonyl compounds is found to increase by
irradiation and by blended PMXS films as found on the
bases of increasing absorption of the band around
1,714 cm™". The other observation in the IR-spectrum is
the large increase in the relative absorption in the region
(1,610-1,028 cm_l), in comparison with that of unblended
PMXS film. This may indicate that there is an increase in
the number of (C=C) that resulted from hydrogen
abstraction during chains-scission process.
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Table 3 FT-IR band position in irradiated and non-irradiated Pure PMXS and blended PMXS with DET, at (4exy = 265 nm)
Polymer Band (cm™}) Time of irradiation (h) Type of vibration Intensity
0.0 1.0 4.0
PMXS 3,750 - 3,754 3,754 Increased
PMXS 3,428 3,428 3,430 3,423 Increased
PMXS 2,994 2,994 2,994 2,994 (C-H), stretching vibration of benzene Decreased
PMXS 2914 2914 2,921 2,929 Increased
PMXS 2,833 2,833 2,833 2,833 C—H stretch in aldehydes Increased
PMXS 2,353 - - 2,353 Conjugated double bonds
PMXS 1,714 - 1,714 1,714 C=0 stretch vibrations, carboxylic acids-dimeric forms Increased
PMXS 1,610 1,610 1,610 1,610 C=C stretch Increased
PMXS 1,511 1,511 1,511 1,511 Mono substitution of benzene ring Increased
PMXS 1,246 1,246 1,246 1,246 C-O-C stretching vibration Increased
PMXS 825 825 826 825 Conjugated double bond Decreased
PMXS/DET? 3,428 3,428 3,425 3,423
PMXS/DET? 2,996 2,996 2,996 2,996 (C-H), stretching vibration of benzene Increased
PMXS/DET? 2,920 2,920 2,925 2,924 Increased
PMXS/DET? 2,358 - - 2,358
PMXS/DET? 1,714 - 1,714 1,714 C=0 stretch, carboxylic acids-dimeric forms Increased
PMXS/DET? 1,610 1,610 1,614 1,614 C=C stretch Increased
PMXS/DET? 1,511 1,511 1,511 1,511 Mono substitution of benzene ring Increased
PMXS/DET? 1,454 - 1,454 1,454 Increased
PMXS/DET? 1,246 1,246 1,248 1,250 C—O-C stretching vibration Increased
PMXS/DET? 1,028 1,028 1,030 1,030 Increased
PMXS/DET? 825 825 825 825 Conjugated double bond Increased

# PMXS blended with 4% DET plasticizer

Conclusions

Based on the obtained values of fluorescence quenching for
the irradiated plasticized and non-plasticized PMXS solid
films, the conclusions can be summarized as follows:

1.

Irradiation of pure and blended PMXS films with light
of a frequency absorbed by only polymeric chromoph-
ores resulted in a small increase in the absorption band,
with the increase of exposure time of pure PMXS
films. On the other hand, irradiation of blended PMXS
with plasticizers caused change in the shape of the
absorption spectra, as well as, formation of a new
absorption band at longer wavelength, indicating a
possibility of photodegradation of the polymeric
backbone by chain scission as well as photo-oxidation
of polymeric chromophores.

Blending of PMXS films with DMT, DET, DOT, DBP,
and DOP plasticizers resulted in the formation of
exciplex emission. Irradiation of blended PMXS films
with terephthalate and phthalate plasticizers showed
that terephthalate additives caused less fluorescence
quenching effect in comparison with that caused by
phthalate plasticizers. The photo-degradation effect

was found to increase with the increase in bulkiness of
the plasticizer molecule.

3. IR spectra of PMXS and blended PMXS irradiated
films showed a formation of new absorption bands, and
the disappearance of some other absorption bands. This
can indicate that the photodegradation of the polymer
has occurred. The formation of C=0 is the main
indication of photo-oxidation at the peak centered at
1,714 cm ~'. Tt is clearly seen that there is a difference
in most of the peak position and their relative
intensities, which means that photo-degraded products
are not the same during the degradation process.

Acknowledgements We gratefully acknowledge the financial sup-
port by the Hashemite University, and Abdul Hammed Showman
Foundation. Thanks are also due to M. Anbitawy for all the help in this
work and to Y. Al Haj for useful discussion. Thanks are also extended to
A. Al-Kharabsheh for helping in linguistic and stylistic infelicities.

References

1. Kaczmark H (1995) Eur Polym J 31:1175
2. Weir NA, Milkie TH (1980) Eur Polym J 16:141
3. Ranby B, Rabek JF (1974) J Polym Sci Polym Chem Ed 12:273

@ Springer



2682 J Mater Sci (2009) 44:2674-2682
4. Dickens B, Marchal J (1984) Polym Degrad Stab 6:211 24. Torikai A, Takeuchi T, Fueki K (1983) Polym Photochem 3:307
5. Trinh DV, Linton RC, Vaughn JA, Finckenor MM, Van De Mark 25. Weir NA, Whiting K (1990) Eur Polym J 26:991

MR (1994) Polym Degrad Stab 46:325 26. Lucas PC, Porter RS (1985) Polym Degrad Stab 13:287
6. Kaczmarek H, Kaminska A, Swiatek M, Sanyal S (2000) Eur 27. Ranby B, Rabek JF (1975) Photodegradation of polymers. Wiley,
Polym J 36:1167 New York, p 165
7. Kowal J, Nowakowska M (1982) Polymer 23:281 28. Torikai A, Kobatake T, Okisaki F, Shuyama H (1995) Polym
8. Subramanian K (2002) Eur Polym J 38:1167 Degrad Stab 50:261
9. Tse KC, Ng FM, Yu KN (2006) Polym Degrad Stab 91:2380 29. Bera M, Rivaton A, Gandon C, Gardette JL. (2000) Eur Polym J

10. Solomon DJ (1982) J Macromol Sci Chem A 17:337 36:1753

11. Weir NA (1986) Polym Photochem 7:129 30. Rivaton A, Gardatte JL (1998) Die Angew Makromol Chem 261/

12. Rabek JF, Ranby B (1974) J Polym Sci Polym Chem Ed 12:295 262:173

13. Lucas PC (1989) Polym Degrad Stab 26:203 31. Stokes S, Fox RB (1962) J Polym Sci 56:507

14. Otocka E, Curran PS, Porter RS (1989) J Appl Polym Sci 28:3227 32. Weir NA (1973) J Appl Polym Sci 17:401

15. Weir NA, Kutok P, Whiting K (1989) Polym Degrad Stab 24:247 33. Takahashi H, Hasegawa M (1971) J Polym Sci B 9:685

16. Al Ani KE (2007) J Polym Res 14:83 34. Ramadhan AE, Ahmed RK, Al Ani KE (2006) Polym J 38:355

17. Subramanin K (2001) Eur Polym J 37:55 35. Al Ani KE, Suleiman AM (2007) J Photochem Photobiol 189:177

18. Al Ani KE, El Barghouthi M, Buzour M (2006) Polym Degrad 36. Chen X, Wang J, Shen J (2005) Polym Degrad Stab 87:527

Stab 91:3252 37. Tovborg JJP, Kops JJ (1981) J Polym Sci Polym Chem Ed

19. Torikai A, Shibata H (2002) Arab J Sci Eng 27:11 19:2765

20. Al Ani KE, Ramadhan AE (2008) Polym Degrad Stab 93:1590 38. Wu SK, Liu LH, Dai GS (1984) Polym Commun 2:153

21. Geuskens GD, Delaunois G, Lu-Vinh Q, Piret W, David C (1978) 39. Kaczmarek H (1995) Eur Polym J 31:1037

Eur Polym J 14:291 40. Vaidergorin EYL, Marcontes MER, Tascano VG (1987) Polym

22. Khalil Z, Michaille S, Lemaire J (1987) Makromol Chem Degrad Stab 18:329

188:1743 41. Weir NA (1982) In: Grassie N (ed) New trends in the photo-
23. Weir NA, Whiting K (1989) Eur Polym J 25:291 chemistry of polymers. Applied Science, London, p 207

@ Springer



	Effect of plasticization on the photodegradation of poly �(para-methoxystyrene) films
	Abstract
	Introduction
	Experimental
	Materials
	Preparation of plasticized polymeric solid films
	Irradiation of solid films
	Fluorescence measurements
	UV-absorption spectra measurements
	Measurements of FT-IR-spectra

	Results and discussion
	Absorption spectra of plasticized and non-plasticized PMXS solid films
	Irradiation time effect on the quenching of excimer fluorescence of PMXS solid films
	Irradiation time effect on excimer fluorescence �of plasticized PMXS solid films
	FT-IR spectra of irradiated and non-irradiated PMXS solid films

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


