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Abstract

Almost all fabricated polymers need high stabilization to prevent harmful effects. Adding specialized chemicals that rule
as light stabilizers (or UV stabilizers) and tailor to the resin's characteristics might accomplish the desired stability. In this
work, five antipyrine derivatives were synthesized by the Schiff bases using five benzaldehyde substituents (benzaldehyde,
4-bromobenzaldehyde, 4-nitrobenzaldehyde, 4-dimethylaminobenzaldehyde, and 4-hydroxybenzaldehyde) with 4-aminoan-
tipyrene. The produced complexes are characterized using hydrogen-1 and carbon-13 nuclear magnetic resonance (‘H-NMR
and 3C-NMR, respectively) and Fourier-transform infrared (FTIR) spectroscopy; then they are filled with polyvinyl chloride
(PVC) films. Further techniques are used to study the effects of long-term radiation exposure on these films. The IR spectra of
PVC films showed side products containing polyene and carbonyl groups before, during, and after irradiation. The presence
of antipyrine derivatives led to a decrease in the intensity of their associated functional groups. Furthermore, it is shown
that films with antipyrine compounds performed lower weight loss when exposed to radiation compared with the virgin film.
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1 Introduction

Polyvinyl chloride (PVC) is an exceptionally versatile
polymer and is the third most widely produced polymer
globally [1]. It is mainly used in exterior applications, such
as window and door frames, wall sheathing, and drain-
age pipes. Nevertheless, the long-term viability of PVC
products for outdoor construction purposes hinges on
their capacity to withstand photodegradation caused by
prolonged exposure to sunlight [2]. PVC is prone to inad-
equate thermal and optical stability, rapidly decomposing
hydrochloric gas due to self-decomposition when exposed
to heat and light during its production and use [1-3]. Over
the past few years, there has been a significant rise in the
utilization of polymeric materials. However, it is crucial
to note that these materials undergo consistent photodeg-
radation when exposed to natural weather elements [3]. To
enhance the resistance of these materials to climatic condi-
tions, it is necessary to manufacture and treat PVC resin
with suitable chemical additives. This process results in
the creation of a composite material that exhibits distinct
behavior and properties compared to uncured PVC resin.
After synthetic resins were invented and applied, it became
essential to develop ways to reduce or eliminate potential
decomposition from external factors like heat, light, air,
and particularly sunlight. Therefore, synthetic polymers
need to include a stabilizer(s) to withstand detrimental
consequences and mitigate or minimize the harmful effects
caused by environmental factors.

Photostabilization of polymers refers to the process of
preventing or eliminating the photochemical reactions that
occur in polymers and plastics when exposed to light [4, 5].
Photostabilizer mechanisms have been devised based on the
efficacy of different types of stabilizers: (a) light ray protec-
tors, (b) ultraviolet ray absorbers, (c) energy dampeners, (d)
peroxide decomposers, and (e) free radical scavengers [6-8].

Heterojunction organic materials have garnered grow-
ing interest due to their potential for various applications.
Antipyrine derivatives (APDs) are a type of heterojunction
that shows great promise in fields, such as optical com-
munications, optoelectronic materials, and biofunctional
compounds. They are particularly known for their excep-
tional nonlinear optical (NLO) responses, as evidenced by
previous studies [9—15]. APDs are notable for their appeal-
ing functional properties, including antioxidant [16], anti-
putrefactive [17], and optical [18, 19] characteristics in the
realm of chemical physics. These compounds are further
used as bio-model compounds in biology and medicine
[20]. The photoresponsive properties of functional mate-
rials, such as bioelectric [21, 22], photovoltaics [23-25],
photoluminescence [26, 27], and nonlinear optics [28-30],
have increasingly become a focal point for scientists.
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4-Aminoantipyrine, a derivative of antipyrine, functions
as both an anti-inflammatory and antipyretic agent. Its amino
nitrogen serves as a strong coordination site, allowing it to
easily form metal complexes. When 4-aminoantipyrine is
exposed to aldehydes or ketones, it reacts to form Schiff
bases, which have multiple applications, specifically in che-
mosensing. For instance, researchers have developed 4-ami-
noantipyrine derivatives that can effectively detect cations
and anions [31]. Several research groups have shown interest
in synthesizing derivatives of 4-aminoantipyrine because of
their potential biological activities [32]. Hence, 4-aminoan-
tipyrine is a promising choice for colorimetrically determin-
ing phenolic material due to its ease of use, fast results, and
the use of stable reagents [33].

This paper discusses the importance of stabilizing syn-
thetic polymers to protect them from potential harm caused
by external factors. We produced five antipyrine deriva-
tives by combining Schiff bases with different benzalde-
hyde substituents and 4-aminoantipyrene. The derivatives
were identified through the utilization of nuclear magnetic
resonance ('H-NMR and '*C-NMR) and infrared spectros-
copy. Furthermore, their effectiveness as photostabilizers
for PVC was investigated. This led to a decrease in weight
loss and an improvement in the films' ability to withstand
photodegradation.

2 Materials and methods
2.1 Chemicals and instrumentation

PVC was obtained from Petkim Petrokimya in Istanbul,
Turkey; the degree of polymerization was 800 and the K
value was 67. The other chemicals were provided by Sigma-
Aldrich, Gillingham, UK. Melting points of complexes
were determined using a Gallenkamp instrument in Cal-
gary, Canada. Fourier-transform infrared (FTIR) spectra
were acquired using a Shimadzu 8400 Spectrophotometer
(Kyoto, Japan) over a range of 400—-4000 cm™ with a KBr
disk. NMR spectra were registered at (‘H: 500 MHz, '*C:
125 MHz). Data were recorded with a Bruker DRX-500
NMR spectrometer (Ziirich, Switzerland). Scanning electron
microscopy (SEM) images were obtained using a KYKY-
EM3200 digital microscope by FEI Company in Prague,
Czech Republic. Energy-dispersive X-ray (EDX) spectra
were recorded with the Bruker XFlash 6 10 (Tokyo, Japan).
Prior to EDX, the PVC sheets were gold-coated with an
approximately 15 nm thick layer to enhance the conductiv-
ity and obtain clear images. The PVC films were irradiated
at 25 °C using a QUV-accelerated weathering tester from
Q-Panel Company (Homestead, FL, USA). The PVC sheets
maintained a consistent thickness of approximately 40 pm,
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measured with a DIN 862 digital caliper micrometer (Vogel
GmbH, Kevelaer, Germany).

2.2 Preparation of 4-antipyrine derivatives

Schiff bases were synthesized from 4-aminoantipyrine deriv-
atives, where five derivatives of 4-aminoantipyrene. Hence,
0.203 g of 4-aminoantipyrene reacted with five derivatives of
benzaldehyde (0.106 g benzaldehyde, 0.185 g 4-bromoben-
zaldehyde, 0.151 g 4-nitrobenzaldehyde, 0.149 g 4-dimeth-
ylaminobenzaldehyde, and 0.122 g 4-hydroxybenzaldehyde)
to produce five complexes numbered 1-5 respectively. The
reaction was accomplished using absolute ethanol solvent
and thermal sublimation for 3—4 h, where the chemical struc-
ture is illustrated in Scheme 1. The product was precipitated
through filtration and dried for 30 min under a temperature
of 40-50°C. The yields of the complexes ranged between
75 and 85% for all the synthesized derivatives. The physical
properties of the products are indicated in Table 1.

2.3 FTIR infrared spectroscopy
The FTIR spectra of antipyrine derivatives (3-5) dem-

onstrate that the carbonyl group was absent in the initial
compound. However, a distinct adsorption band associated

AN

Eth Abs. G.CH;COOH

with the azomethine bond (-CH=N-) appeared in the
1593-1681 cm™ range. Table 2 presents the most common
FTIR absorption bands for the five antipyrine compounds.

2.4 "H-NMR spectroscopy

Through "H-NMR analysis of the synthesized organic com-
pounds 1-5, the signal for the amine proton NH, disappeared
at a chemical shift of 4.5 ppm. The signal for (H-C=0) at
9.8 ppm also disappeared for all benzaldehyde derivatives.
A proton signal for N=C-H appeared at a shift range of
9.34-9.71 ppm, as illustrated in Fig. 1 (a—e) and Table 3.
The OH proton signal for compound 5 appeared at a chemi-
cal shift of 9.86 ppm, and the signal for the 6 protons in
N—(CHj3;), for compound 4 appeared at 3.01 ppm.

2.5 3C-NMR spectroscopy

BCNMR spectrum analysis of a pyrimidine derivative was
conducted, and different aspects were concluded based on
the provided information. The carbonyl group has distinct
signals appearing in 162.54, 162.40, 162.49, 162.49, and
162.49 ppm, for compounds 1, 2, 3, 4, and 5, respectively,
which is a common range for carbonyl groups in all anti-
pyrine derivatives. For the C=N groups, signals at 149.41,

CH,

X
P\
i NH, , :
©/ O Reflex3-4h 80-90°C @ S
0

X= H-(1), Br-(2) ,-NO,(3), -N(CH3),(4), -OH(5).

Scheme 1 Preparation of antipyrine compounds (1-5)

H;C
N

X=H-(1), Br-(2) ,-NO,(3) , -N(CH3),(4), -OH(5).

Table 1 Physical properties of

L Compounds X Chemical Formula Color M.P. °C Yield (%)
the antipyrine compounds (1-5)
1 -H C,sH;N;0 Light yellow 178 65
2 —Br CsH;(BrN;O yellow 170 79
3 -NO, CsH¢N,O5 Orange 175 87
4 —-N(CHy), C,oH»,N,O Deep yellow 183 71
5 -OH C,sH;7N;0, Off white 194 76
Table2 FTIR data of prepared (o Cc=0 C=C-Ar CH=N —C-H Ar X Comp. No
compounds (1-5) measured in
em™! 1622 1575 1615 3069 -H 1
1699 1568 1604 3060 -Br 2
NO, 1268 1654 1581 1681 3026 -NO, 3
CH,; 2935 1679 1585 1625 3055 -N(CHy), 4
OH 3485 1677 15,058 1593 3055 -OH 5

@ Springer
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Fig.1 The 'H-NMR spectra of
a compound 1, b compound 2,

¢ compound 3, d compound 4,

and e compound 5
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149.98, 149.32, 149.68, and 149.51 ppm are for compounds
1-5, respectively. Regarding the C—-NO, group, the signal
appears at 148.19 ppm within the expected range (140-160
ppm) referring to C-NO, groups belonging to compound
3. N(CH,), group signal appears at 151.37 ppm, which is a
common signal for the N(CH3), group of compound 4 for
2C. However, the C—OH group’s signal appears at 156.06

@ Springer

ppm, within the expected range for C—-OH groups belonging
to compound 5. The CH;-N group appears at 35.7-36.6 ppm
for the CH;—N group for all compounds. The signal appears
at 13.66-13.88 ppm refers to the CH; group, which fills in
the common range of CH; groups of all compounds. The
I3CNMR spectrum of the prepared structures supports both
IR and 'THNMR spectra. Hence, Table 4 shows the IBC.NMR
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Fig. 1 (continued)
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spectral data for compounds 1-5, and Fig. 2 shows the spec-
tra of the used components.

2.6 Preparation of PVC films

The PVC films were fabricated using the solution-casting
method. An appropriate amount of antipyrine (25 mg) was

combined with 5 g of PVC in 50 mL of tetrahydrofuran
(THF). The mixture was stirred for 2.5 h at a temperature of
25 °C. The uniform solution was subsequently poured onto
a glass plate with pores that were approximately 40 um in
thickness. The films underwent a drying process at 25 °C for
a duration of 16 h, after which they were further dried in a
vacuum oven at a temperature of 40 °C for 4 h.

@ Springer
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Table 3 'H-NMR spectral data for compounds 1-5

Comp. No 'H NMR (500 MHz, DMSO-d,)

1 §9.41 (s, 1H), 7.73 (s, 2H), 7.38 (s, SH), 7.06 to 6.99 (m, 3H), 3.25 to 3.01 (m, 3H), 2.13 (s, 3H)

2 $9.71 to 9.70 (m, 1H), 8.04 to 8.01 (m, 2H), 7.67 (s, 4H), 7.60 to 7.56 (m, 3H), 2.94 (s, 3H), 1.90 (s, 3H)
3 $9.83 (s, 1H), 8.12 to 7.84 (m, 2H), 7.81 (d, J=7.9 Hz, 2H), 7.26 (s, 5H), 2.89 (s, 3H), 2.74 (s, 3H)

4 $9.46 (s, 1H), 7.71 to 7.61 (m, 4H), 7.40 (d, J=7.7 Hz, 3H), 6.78 (d, J=8.2 Hz, 2H), 3.35 (s, 3H), 3.01

(s, 6H), 2.43 (s, 3H)

$9.86 to 9.80 (m, 1H), 9.34 (s, 1H), 8.00 to 7.96 (m, 2H), 7.68 (s, 2H), 7.32 (s, 3H), 6.97 (s, 2H), 3.31 to
2.91 (m, 3H), 2.06 (s, 3H)

Table 4 *C-NMR spectral data for compounds 1-5

Comp '3C NMR (125 MHz, Common NMR Solvents)

1

8 162.54(C=0), 149.41(C=N), 144.67 (C-CH,), 139.31 (C-Ar), 136.18(C-N Ar), 134.25(=C-N), 131.25 to 123.76 (10 C-Ar),
35.79(CH,-N), 13.86 (CH,~C)

8 162.40(C=0), 149.98(C=N), 145.35(C—CH,), 137.87(=C-N Ar), 136.99(C-Ar), 134.17(=C-N), 131.76 to 123.73 (10 C-Ar), 36.27,
36.25(CH,-N), 13.88(CH,—C)

8 162.49(C=0), 149.32(C=N), 148.19(C-NO,), 144.85(C—Ar), 144.69 (C—-CH,), 136.29(=C-N Ar), 134.27(=C-N), 129.04 to 123.72(9
C-Ar), 36.23(CH;-N), 13.80(CH,-C)

8 162.49(C=0), 151.37(C-N(CH,),), 149.68(C=N), 144.68(C—CH,), 136.29(=C-N Ar), 134.27(=C-N), 129.85 to 111.66 (10 C-Ar),
40.31(2C (CH,),N), 36.24(CH,-N), 13.80(CH,~C)

8 162.49(C=0), 156.06(C—OH), 149.51(C=N), 144.70 (C—-CHS), 136.32(=C—N Ar), 134.27(=C-N), 131.16 to 115.94(10 C-Ar),
35.96(CH;-N), 13.66(CH,—C)

@ Springer
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Fig.2 The *C-NMR spectra of
a compound 1, b compound 2,
¢ compound 3, d compound 4,
and e compound 5
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2.7 Irradiation of PVC film

The PVC films were irradiated with a UV light (A, =365
nm) at an intensity of 6.2 x 10~ ein dm™ s ~! nm. During
the irradiation procedure, the films were rotated regularly
to ensure that they were exposed to the same amount of
light from both sides.

3 Results and discussion

This section includes testing of organic antipyrene deriv-
atives (1-5) against photodegradation of polymer films.
Furthermore, the stabilization efficiency of PVC with and
without the additives was assessed.

@ Springer
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Fig.2 (continued)
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3.1 FTIR spectroscopy investigation
of UV-irradiated films

The photostability effectiveness of PVC films modified with
organic antipyrine compounds in terms of stabilization was
investigated by FTIR spectroscopy. Irradiating PVC films
with 313 nm 4_,, UV light for 300 h changed the FTIR
spectrum. The IR spectrum of PVC films after irradiation

@ Springer

showed three absorption bands due to the formation of car-
bonyl group 1722 cm™! (C=0), polyene 1604 cm™! (C=C),
and hydroxyl 3500 cm™' (OH) [30-33]. As shown in Figs. 3
and 4, the growth rate of such peaks related to a reference
peak (1328 cm™') can be considered a measure of the pho-
todegradation of PVC [34-39].

Figure 3 displays the FTIR spectra of the plain PVC
film before and during undergoing 300 h of irradiation.
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Fig.2 (continued) Guest,8055.fid
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Fig. 3 Effect of irradiation time on the infrared spectra of PVC film during the irradiation period (0, 100, 200, and 300) h

However, the alterations in the densities of carbonyl, poly-  rates of the carbonyl, polyene, and hydroxyl groups were
ene, and hydroxyl groups in PVC films with organic com-  reduced when 0.5 wt.% of antipyrines was added, com-
pounds (1-5) were computed over 300 h of irradiation, as  pared to the plain PVC film. Compound 5 was the best
depicted in Fig. 4. In the grafted PVC films, the growth  stabilizer against photodegradation and demonstrated the

@ Springer
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Fig.4 The infrared spectra of

PVC films before (B) and after
(A) 300 h UV irradiation for a
plain,b+1,c+2,d+3,e+4,

and f+5
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highest activity. In contrast, compound 1 was the least
efficient among all the stabilizers. The order of increasing
photostability efficiency of the organic antipyrine com-
pounds is as follows:

5>4>3>2>1.

@ Springer

3.2 Functional groups indexes

The functional group indexes (Ipg, Ic—g, Iog, and I-_¢) are
applied in this work as quantitative measures to evaluate the
concentration or intensity of particular functional groups
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Fig.4 (continued)
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within a substance, PVC in our work. The indexes are cal-
culated based on the absorbance measurements of the func-
tional groups (As: Ac_g, Apg, Agy, and Aq_c) and a stable
reference peak (Ar: A-_p). In general, as the exposure time
increases, the value of the indexes increases [3, 5]. Higher

indexes indicate a stronger presence of the functional groups,
indicating more significant degradation or the creation of
new chemical species. The efficacy of antipyrine derivatives
as photostabilizers is assessed based on their influence on
these parameters [8]. However, the indexes of all groups

@ Springer
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Fig.5 Effect of irradiation time on a I-_q, b Ipg, € Io_¢, and d Iy for PVC films

showed a reduction in their values as the PVC was filled
with these additives, which shows a higher stability for the
modified PVC. This showcases their effectiveness in attenu-
ating UV-induced harm and minimizing the production of
degradation byproducts [17]. Figure 5 shows the effect of the
student indexes as a function of irradiation time to UV light.

3.3 Effects of UV irradiation on weight loss

The process of PVC photo-oxidation results in the formation
of free radicals, leading to cross-linking and the removal
of HCI. The PVC dehydrochlorination process reduces the
mass of the polymer. The efficacy of antipyrine compounds
1-5 as PVC photostabilizers was assessed by quantifying
the weight reduction caused by photo-oxidation and photo-
degradation. The percentage of weight loss was determined
using Eq. 1, where W, and W, represent the initial and final
weights of the PVC, respectively, after irradiation.

Weight loss (%) = [W, — W,/ W,| x 100 1)

The rate of PVC weight loss was initially high during
the first 100 h of the irradiation process. Subsequently,
the weight loss continued to increase in the absence of
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Fig. 6 Changes in weight loss of PVC control and PVC+ (1-5) films
versus irradiation time

antipyrines 1-5 as depicted in Fig. 6. Undoubtedly, the
additives exerted a substantial influence on the stabiliza-
tion of the PVC. After 100 h of irradiation, the blank PVC
film experienced a weight loss of 0.54%. This weight loss
increased to 1.28% after 300 h of irradiation. The weight
loss for the PVC films containing antipyrine components
(1-5) was 0.69%, 0.59%, 0.51%, 0.48%, and 0.42%,
respectively, at the end of the irradiation operation. From
the figure, antipyrine 5 had the greatest effect on PVC
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Fig.7 SEM images of plain .
PVC film before and after 300 h
UV radiation
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Fig.8 SEM images of PVC+ (1-5) films after 300 h UV radiation

stabilization of all of the compounds tested. The blank
film lost 307% more weight than the one with additive 5.

3.4 Scanning electrons microscopy (SEM) analysis

The surface morphology of PVC films was investigated
using SEM to determine the impact of ultraviolet radia-
tion [41]. Figures 7 and 8 display the SEM images of PVC
films. Before irradiation, the surface of the PVC film was
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glossy and even. Nevertheless, following 300 h of radiation
exposure, the surface suffered considerable harm, exhibit-
ing more noticeable damage in comparison to the films that
included antipyrine polymer additives. The cracks in the
irradiated film were more extensive and had greater depth
compared to the non-irradiated film. This is likely because of
the formation of cross-links and the degradation of volatile
molecules in the hydrochloride chain [42]. The PVC surface
devoid of any substance displayed more pronounced dete-
rioration compared to the PVC films containing compounds
1-5. Out of all the samples, the SEM image of the PVC +5
film that was exposed to radiation displayed the least amount
of surface damage.

3.5 Energy-dispersive X-ray

The atomic carbon and chlorine displayed prominent
absorption bands in the PVC film EDX spectra (Fig. 9a—g).
Additionally, bands corresponding to oxygen and nitrogen
atoms were observed in the PVC containing antipyrines
1-5. Among the blends, the PVC 44 had a notably abundant
band corresponding to atomic nitrogen. Moreover, atomic
bromine was detected in the PVC +2 EDX spectrum. The
assignment of EDX peaks aligns with previously published
data [43]. As radiation increased, the atomic fraction of oxy-
gen rose due to the removal of HCI, which led to higher rates
of PVC photo-oxidation and a decrease in the amount of
atomic chlorine. Additionally, cross-linking and the creation
of short-chain fragments resulted in a reduction in atomic
carbon. The EDX results indicated that the percentages of
atomic carbon and chlorine dropped when the blank PVC
was exposed to radiation. In contrast, the decrease in atomic
concentrations of carbon and chlorine for PVC/antipyrine
blends was less dramatic due to fewer HC1 fumes generated
during combustion [40]. This demonstrates that antipyrine
derivatives function effectively as PVC photostabilizers [41].

3.6 X-ray mapping

X-Ray mapping, in conjunction with SEM, was utilized to
generate images that display the spatial arrangement and
proportional representation of elements in distinct hues
within a specimen [44]. The arrangement of elements and
the prevalence of antipyrine compounds on the PVC surface
contributes to the mitigation of photodegradation as depicted
in Fig. 10. After exposure of PVC to ultraviolet radiation,
chlorine is removed through the release of hydrogen chlo-
ride gas, resulting in a decreased abundance of chlorine.
In the presence of antipyrines, the decrease in chlorine is
less pronounced. Antipyrine derivatives as polymeric addi-
tives help prevent the growth of peroxide radicals and reduce
their abundance after irradiation compared to PVC without
additives. Hence, compound 5 demonstrates the greatest
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photostabilizing effect compared to the other additives,
which is further presented in Fig. 11.

3.7 Photostabilization suggested mechanisms

Photostabilizers shield PVC from ultraviolet radiation and
inhibit the rupture of chemical bonds within the polymer
chains. Antipyrine compounds 1-5 can protect PVC from
degradation due to light exposure by employing various
mechanisms. The aromatic moieties (phenyl and aryl groups)
within the antipyrine skeleton function as UV absorbers,
effectively absorbing UV irradiation. These groups emit the
absorbed energy as heat at a rate that is not detrimental to
PVC, thus effectively protecting light [45]. The presence of
the hydroxyl group (which strongly donates electrons), the
nitro group (which strongly withdraws electrons), and the
bromine group (which withdraws electrons through induc-
tion) attached to the aryl groups results in varying perfor-
mance results for antipyrines, as depicted in Scheme 2.

The hydroxyl group exerts a substantial stabilizing effect
on PVC by amplifying the resonance of the aryl groups.
Additionally, the -CH=N bond directly absorbs ultraviolet
(UV) light, creating an excited and stable charge-separated
species as shown in Scheme 3. This group can emit the
absorbed light energy as heat through rotational and vibra-
tional movements, which prevents any damage to the PVC
material.

Antipyrine compounds 1-5 can scavenge radicals when
a chromophore (POO°®) is presented [46]. Antipyrines form
stable complexes with chromophores (polymeric proxy radi-
cals; POO®) [5], resulting in the production of stable com-
plexes that are illustrated in Scheme 4. The absorbed energy
can be counteracted and stable through the resonance of aryl
groups, which subsequently propagate this energy through-
out a significant number of atoms.

Antipyrine compounds improve the ability of PVC to
withstand degradation because of light by forming a coor-
dinated bond between the polarized atoms of the -CH=N
groups in the Schiff bases and the C—Cl bonds in the poly-
mer chains. Moreover, the alignment of the polarized oxy-
gen atoms in antipyrines with the carbon atoms of the C—Cl
bonds can enhance the stability of the polymer. The coor-
dination bonds enable the efficient transfer of excited state
energy from PVC to antipyrine derivatives without causing
any damage to the polymer. Nevertheless, the probability of
establishing robust coordination bonds within macromol-
ecules is low.

The mechanism of photostability is not yet fully under-
stood. However, our research and review of previous lit-
erature suggest that functional groups, which are atoms or
groups of atoms attached to the benzene ring in aromatic
compounds, significantly influence the chemical and physi-
cal properties of these compounds.
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PVC B

Fig. 10 X-Ray mapping images
of PVC films before and after
300 h of irradiation

PVC +5A

Fig. 11 X-Ray mapping images of PVC +5 films after 300 h of irradiation

Electron-donating groups, such as -OH and —-N(CHs),,
increase the electron density in the aromatic ring, enhanc-
ing its stability. These groups stabilize free radicals by
delocalizing electrons through resonance within the aro-
matic ring and the antipyrene part via the imine bond.
This stabilization increases the activation energy of photo-
oxidation reactions, making them slower. Consequently,

@ Springer

the compound's resistance to photodegradation, especially
in the ultraviolet region, is significantly enhanced.

On the other hand, electron-accepting groups, such
as —Br and —-NO,, withdraw electrons from the aromatic
ring, making it less stable compared to electron-donating
groups. Consequently, these groups are less effective in
providing resistance against photo-oxidation.
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4 Conclusions

Antipyrine compounds improve the ability of PVC to with-
stand degradation caused by light by forming a coordinated
bond between the polarized atoms of the -CH=N groups in
the Schiff bases and the C—C1 bonds in the polymer chains.
Moreover, the alignment of the polarized oxygen atoms in
antipyrines with the carbon atoms of the C—Cl bonds can
enhance the stability of the polymer. The coordination bonds
enable the efficient transfer of excited state energy from PVC
to antipyrine derivatives without causing any damage to the
polymer. Nevertheless, the probability of establishing robust
coordination bonds within macromolecules is low.
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