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Abstract 

The stabilization of polyvinyl chloride polymer has a great concern for researchers due to its high instability in the 

environmental conditions of heat and ultraviolet arrays. Herein, three metal complexes of Schiff base ligand were prepared 

and their chemical structures were confirmed using elemental analysis, FTIR, 1H-NMR, and UV/Vis spectra. The prepared 

metal complexes were incorporated in PVC as photo-stabilizers. Only 0.5% by weight of these prepared Schiff bases metal 

complexes was blended with the PVC polymer to form films with a width of (50 μm). The prepared samples were exposed to 

ultraviolet irradiation time was varied ranging from 0 to 300 h and the impact of irradiation scheduled upon the PVC 

stabilization was examined each 50 h. The degree of degradation of PVC in the presence and absence of the different 

stabilizers was determined using various techniques, including the degree of oxygenated compounds formed, degree of 

unsaturation, viscosity, and degree of deterioration. The results showed that in the native PVC, the degradation progressively 

increased over time at the conditions of the experiments. The addition of the stabilizers decreased the degradation 

considerably. The formation of carbonyl, hydroxyl, and unsaturated intermediates was decreased in the presence of Cu-L, and 

Ni-L. While Fe-L stabilizer showed weak efficiency. The reasons for the stabilization and the mechanism of the 

degradation/stabilization processes were discussed based on the electronegativity of the metal ions and the antioxidant 

activities of the different metal complexes.   

Keywords: Schiff base; Metal complex; polyvinyl chloride; Photostabilizer; antioxidant.  

 

1. Introduction 

Polyethylene, polypropylene, and polyvinyl 

chloride (PVC) are produced and used in huge 

quantities [1]. PVC is one of the most important and 

used polymers due to its outstanding physical and 

chemical properties, low production cost, and diverse 

applications of packaging to devices [2,3]. Rigid 

PVC is utilized in water pipes, windows, doors, floor 

tiles, and credit cards [4]. Flexible PVC is used as a 

replacement for rubber in curtains, raincoats, and 

packaging films [5]. weak thermal stability of PVC 

[6,7] leads to polymer damage and deterioration [8]. 

Irradiation of PVC by ultraviolet irradiation at 250-

350 nm wavelength for a long time of exposure leads 

to observable changes in color and mechanical 

properties accompanied by a sharp reduction in its 

molecular weight and tensile strength, which shortens 

its using life [9,10]. Oxygenated containing 

intermediates, polyenes, and chlorophyll residues are 

produced under ultraviolet irradiation and lead to the 

photodegradation process [11,12]. So, it is important 

to photo-stabilize PVC polymer to increase its 

lifetime during use as a final product [13]. Several 

photo-stabilizers containing aromatic derivatives 

were used in the protection of PVC against the 

photodegradation process [14,15]. Photostabilization 

is a process used to protect PVC from degradation by 

preventing and/or slowing the photodegradation 

reaction of the polymer by degrading threats [16]. 

Photostabilization of PVC is performed through two 

kinds of stabilizers [17]: the first is the primary 

stabilizers which can inhibit the allylic chlorides 

production during the photodegradation process of 

PVC, and the second is the secondary stabilizers 
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which can scavenge the chloride radicals and 

hydrogen chloride produced during the degradation 

process [16,18]. Consequently, the production of a 

new substance that performs as an effective additive 

for enhancement of PVC photostability because of 

their capability for hydrogen chloride, and chloride 

radicals scavengers produced during the 

photodegradation process of PVC chains [19]. 

Nonetheless, in the two past decades, Numerous PVC 

additives have been synthesized and studied as photo 

stabilizers counting inorganic chemical salts [20,21], 

hetero-cycles compounds [11,22], aromatics [23-25], 

and titanium dioxide [25,26]. These compounds 

display extraordinary effectiveness toward inhibition 

of the photodegradation process of PVC afterward 

long period exposure of to ultraviolet light. However, 

these compounds have insufficient characteristics 

during application for their stabilizing role, as these 

are unstable, fast-degradable, and harmful to health 

and the environment [27]. Metal complexes were 

more efficient and lake from the disadvantageous of 

the above-reported stabilizers for PVC [28,29]. Schiff 

base compounds are vital compounds and suitable 

ligands during the formation of metal complexes with 

a wide range of transition metal ions to produce 

versatile types of stable metal complexes those 

suitable for different applications [31,32]. Herein, we 

presented the technique for synthesis and 

characterization of three metal complexes of iron 

(III), copper (II), and nickel (II) with Schiff base 

ligand derived from salicylaldehyde and p-phenylene 

diamine and their function as photo stabilizers for 

PVC polymer. The prepared Schiff bases have highly 

aromatic characters, easy to prepare, stable, non-

volatile, and cost-effective.. 

 

2. EXPERIMENTAL  

2.1 Materials and techniques  

All chemicals were analytical grade and were 

purchased from Sigma-Aldrich, and were used as 

received without further purification. 

Melting points were measured on Gallen Kamp, 

the elemental analysis was conducted using Vario-

Elementar, FTIR spectra were recorded using Fourier 

transform infrared spectroscopy (FTIR) Thermo 

Electron Nicolet 7600 (USA) IR-spectrophotometer, 
1
H-NMR spectra at 300 MHz on GEMINI-300-BB 

NMR spectrometer using tetramethyl silane as an 

internal standard in deuterated dimethyl sulfoxide 

(DMSO-d6), Electronic spectral changes in electron 

distribution between ligand-metal in complexes were 

recorded in the wavelength range of 200-700 using a 

Jasco V-670 UV/Vis spectrophotometer. Film 

thickness was measured using micrometer type 2625 

A, Germany. Weathering tests were performed using 

Xenotest 440 utilizes XenoLogic™. 

2.2 Synthesis 

2.2.1 Synthesis of Schiff bases 

p-phenylene diamine (0.01 mole) and salicylaldehyde 

(0.02 mole) were mixed in 250 mL one necked flask 

in the presence of absolute ethyl alcohol (20 ml) as a 

solvent and a few drops of glacial acetic acid as a 

dehydrating agent. The reaction medium was 

refluxed at reflux temperature for 120 minutes, and 

then the reaction medium was settled to precipitate 

the product at room temperature for 24 hours. The 

solid product was filtered and recrystallized from 

ethanol to afford the proposed Schiff base (N, N′-

Bis(Salicylidene)-p-phenylene diamine, L)  

(Scheme 1). 

L (C20H16N2O2): Yield 88%; orange crystals 

recrystallized from chloroform; mp. 208-210 
o
C; 

UV/Vis (DMSO, nm): 280, 390; FTIR (KBr) (υ, cm
-

1
): 3467 (O-H), 1608 (C=N); 

1 
H-NMR (DMSO-d6) 

δ:13.20 (s, 2H), 8.66 (m, 2H), 7.42 (m, 4H), 7.28 (s, 

4H), 7.02 (m, 4H). Anal. Calc.: C, 75.9%; H, 5.1%; 

N, 8.8%; Found (%): C, 75.4%; H, 5.06%; N, 8.7%. 

2.2.2 Synthesis of metal complexes  

The metal complexes of the prepared ligand were 

prepared according to the following procedures: 

ethanolic solutions of the different metal ions 

precursors (ferric chloride, copper acetate, and nickel 

chloride) were prepared by dissolving 0.01 mole of 

the metal salts in 100 mL absolute ethanol and mixed 

individually with ethanolic solution contains 0.02 

mole of L under stirring at reflux temperature for 360 

minutes and left for precipitation at room temperature 

overnight. The formed colored metal complexes were 

filtered off, washed several times with ethanol, and 

left to dry at 40 
o
C for 24 hours under a vacuum. 

Fe(L)3Cl3: Yield (85%); Black ppt, Anal. Calc. 

For C60H48N6O6Cl3Fe (%): C, 64.9%; H, 4.35%; Fe, 

5.03%; N, 7.56%; Found (%): C, 64.4%; H, 4.3%; 

Fe, 4.98%; N, 7.5%; FTIR (KBr) (υ, cm
-1

): 1660 

(C=O), 1605 (C=N), 530 (Fe-O), 450 (Fe-N), UV/Vis 

(DMSO, nm): 285 (π-π*), 360 (n-π*). 

Cu(L)2(OAc)2: Yield (86%); Brown ppt, Anal. 

Calc. For C44H38CuN4O8 (%): C, 64.9%; H, 4.7%; 

Cu, 7.8%; N, 6.88%; Found (%): C, 64.4%; H, 

4.67%; Cu, 7.71%; N, 6.79%; FTIR (KBr) (υ, cm
-1

): 

1640 (C=O), 1607(C=N), 1456, 1225 (OAc),751 

(Cu-O), 548 (Cu-N), UV/Vis (DMSO, nm): 290 (π-

π*), 340 (n-π*). 
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Ni(II)(L)2(ClO4)2: Yield (88%); Yellow ppt, Anal. 

Calc. For C40H32Cl2Ni N4O12 (%): C, 53.9%; H, 

3.62%; Ni, 6.59%; N, 6.29%; Found (%): C, 53.5%; 

H, 3.6%; Ni, 6.55%; N, 6.25%; FTIR (KBr) (υ, cm
-1

): 

1608 (C=N), 510 (Ni-N), 455 (Ni-O), UV/Vis 

(DMSO, nm): 280 (π-π*), 380 (n-π*). 

 
Scheme 1: Synthetic route of Schiff base ligand (L) 

and corresponding Iron (III), Copper (II), and Nickel 

(II) complexes. 

2.2.3 Preparation of polymer films  

PVC film preparation was preceded according to the 

following steps. First, 5 g of PVC was dissolved in 

100 mL of tetrahydrofuran until complete 

homogeneity of the produced matrix. Then, the 

prepared metal complexes were added to the 

polymer/THF matrix (0.5% by weight of PVC) and 

stirred at 500 rpm for 30 minutes for complete 

homogeneity. Polymer films with different additives 

were prepared by placing the polymer solution in 

uniform petri-dishes on a balanced surface to 

maintain the uniformity of the film thickness and 

allowed to slow dryness in the closed chamber at 

room temperature [31]. The obtained film thickness 

was 0.25 mm for all samples. 

2.3 Accelerated weathering of PVC films 

Degradation of PVC films was performed under 

accelerated weathering conditions. The accelerated 

weathering was performed at 75% humidity under 

UV irradiation from a UV lamp that emitted UV 

radiation wavelength in the range of 290 nm to 360 

nm. Samples were placed horizontally to the incident 

light for 180 minutes (equivalent to 1-week natural 

weathering conditions), and then films were collected 

and stored in a dry and dark place for further 

measurements [32].  

2.4 Determination of the rate of photodegradation 

The photodegradation of the bank and stabilized PVC 

films was monitored using FTIR spectroscopic 

analysis during the range of 4000-400 cm
-1

. The 

degree of degradation was followed throughout 

monitoring three main absorption bands: the 

unsaturation (C=C) at 1600 cm
-1

, carbonyl groups 

(C=O) at 1720 cm
-1

, and hydroxyl groups (-OH) at 

3450 cm
-1

. The extent of photodegradation was 

determined from the variation in the index of the 

three absorption bands determined from their 

intensities, and the data were compared relative to the 

intensity of the absorption band corresponding to 

CH2 at 1310 cm
-1

 as a reference band. Three indexes 

were calculated using the corresponding 

transmittance of FTIR spectra of the formed groups 

namely: IC=C, IC=O, and IOH according to Beer–

Lambent law (Is: group index, As the area under the 

peak of group band, and Ar: area of reference group) 

[33], Equation 1. 

Is = 
  

  
                         (1) 

2.5 Determination of the average molecular weight 

The variations in the molecular weight of 

stabilized and unstabilized PVC polymer samples 

after photodegradation were followed by measuring 

the variation in the viscosity of their solution using an 

Ostwald glass viscometer. In this method, the exact 

weights of the polymer samples were dissolved in 

100 mL of THF and the viscosity [] at room 

temperature was used to calculate the average 

weights of the different polymers using the Mark-

Houwink equation [34] (Equation 2).  

[] = KM 
α

 v                     (2) 

K, α: constants related to solvent and polymer at a 

definite temperature. 

2.6 Determination of the antioxidant activity of 

metal complexes 

2.6.1 DPPH Assay 

The antioxidant performance of Fe-L, Cu-L, and 

Ni-L metal complexes was proceeded using two 

methods using 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical scavenging and hydrogen peroxide 

assays. In 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

radical scavenging, Fe-L, Cu-L, and Ni-L metal 

complexes in methanol at a concentration of 9×10
−3

 

M were mixed individually in 3 mL of DPPH 

solution in methanol at a concentration of 1×10
−4

 M. 
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The metal complexes-DPPH mixtures were incubated 

at room temperature in dark for 30 minutes. The 

antioxidant activities of the metal complexes were 

determined by measuring the intensities of absorption 

of the different targeted mixtures at 517 nm; using 

UV/Vis spectrophotometer (Beckman Coulter), to 

detect the remaining amounts of DPPH radicals in the 

solutions. The antioxidant activity (AA %) was 

calculated according to Equation 3 [35]. 

Inhibition, AA% = [[ADPPH• − Asample]/ADPPH•] × 100      (3) 

where Asample: absorbance at 517 nm for DPPH
•
 

solution after the addition of metal complexes, 

ADPPH•: absorbance at 517 nm for DPPH
•
 solution. 

All experiments were performed in triplicate. 

2.6.2 ABTS
+
 radical scavenging assay 

2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic 

acid) (ABTS
+
) radical-scavenging assay of the 

synthesized  Fe-L, Cu-L, and Ni-L metal complexes 

was evaluated following the procedures of Giao et al., 

[36]. ABTS
+
 assay comprises the formation of 

ABTS
+
 chromophore through the oxidation reaction 

of ABTS
+
 using K2S2O3. The scavenging assay of Fe-

L, Cu-L, and Ni-L metal complexes on the formed 

ABTS
+
 radical cation was measured using 

spectrophotometric measurements at a wavelength of 

734 nm. The reaction began as a result of adding 

diluted ABTS
+
 (1 mL) to various doses (5–100 

μg/mL) of Fe-L, Cu-L, and Ni-L metal complexes 

(10 μL) and the control sample was ethanol (10 μL). 

The antioxidant activity (AA %) was calculated 

according to Equation 4. 

AA% = [[Ao – A1]/Ao] × 100  (4) 

Ao, A1: absorbance intensities of control and 

sample solutions at 734 nm, respectively. 

 

3. Results and discussion  

3.1 Characterization 

3.1.1 Electronic spectral and magnetic 

susceptibility studies 

The electronic absorption spectra of the prepared 

ligand (L) and related metal ion complexes of Fe(III), 

Cu(II), and Ni(II) were recorded at 10
-3

 M 

concentration in DMF solution at room temperature 

over the wavelength range of 200-800 nm (Figure 1) 

[37]. The ligand (L) exhibits two intense absorption 

bands. The first absorption band was located at a 

shorter wavelength of 270-272 nm, which was 

ascribed to the π-π* transition of azomethine and 

benzene ring [38]. The second absorption band 

allocated 329-331 nm, which is assigned for n-π* 

transition of the lone pair electrons of the C=N bond 

[39]. The behaviors of the prepared metal complexes 

were provided with two main characteristics. Firstly, 

the shifting of the parent bands to higher 

wavelengths; secondly, the appearance of a new 

absorption band corresponded to the d–d transition 

appeared in the visible domain at a longer wavelength 

[40]. 

 
Figure 1: UV-Vis. Spectra of the prepared ligand (L), 

and the corresponding metal complexes (M-L). 

 

The three metal complexes showed their 

characteristic absorption bands (Figure 1), where the 

Fe-L metal complex (d
5
 configuration) showed bands 

at 279, 338, and 405 nm; the Cu-L complex showed 

three absorption bands at 283 nm, 320 nm, and 438 

nm, while Ni-L showed its bands at 275, 384 and 

485 nm. The intra-ligand transition bands were 

characterized for the prepared metal complexes; in 

the case of the Fe-L complex, the bands appeared at 

279, and 338 nm; at 283 nm and 320 nm for the Cu-L 

metal complex; and at 275 and 384 nm for Ni-L 

complex. The band at 405 nm, allocated to the spin 

and parity forbidden 
6
A1g→T2g transition of Fe(III) 

ion in an octahedral conformation [41]. The high-

spinning octahedral Fe(III) complex shows an 

extremely low band intensity corresponding to the d-

d transition. The detected magnetic moment of the 

Fe-L complex at 5.62 B.M. suggests a high spins 

conformation of the Fe ion with its unpaired electrons 

(5e). The band of Cu-L at 438 nm was ascribed as a 

result of d-d spin allowed transition for 
2
A1g→

2
Bg2 

and 
1
Ag2→

1
Bg2 [42]. The magnetic moment of the 

Cu-L complex found at 1.14 B.M corresponded to the 
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single unpaired electron in the outer d-orbital, which 

confirms its square planar conformational 

arrangement. In the case of the diamagnetic Ni-L 

complex, the band at 485 nm was due to charge 

transfer, as a result of d-d transition for 
1
A1g→

1
A2g 

and 
1
A1g→

1
B1g which is indicative of the square 

planar conformation [43]. 

 

3.2 Antioxidant efficiency of metal complexes 

The oxygen scavenging activities of Fe-L, Cu-L, and 

Ni-L metal complexes compared to DPPH free 

radical was evaluated [44]. After 30-min contact of 

DPPH• solution with the three metal complexes, the 

absorbance of DPPH• significantly declined 

compared to pure DPPH• (Figure 2).  

 
Figure 2: Antioxidant activity of Fe-L, Cu-L, and Ni-

L metal complexes using (blue) DPPH radical, and 

(while) ABTS+ radical scavenging assays. 

It is clear that the Fe-L metal complex showed the 

highest absorption intensity at 517 nm, which was 

accompanied by the lowest antioxidant activity at 

28%. Cu-L and Ni-L metal complexes resulted in 

lower absorption intensities at 517 nm with 

corresponding antioxidant activities of 81% and 94%, 

respectively. 

The results were confirmed using ABTS+ radical 

scavenging assay [45], which showed comparable 

results to the DPPH assay, Figure 2. From the 

obtained antioxidant activities of the two assays, the 

antioxidant activities of the synthesized metal 

complexes can be sorted in the following manner: Ni-

L > Cu-L > Fe-L. 

3.3 FTIR spectral data of ligand, metal complexes, 

and compounded PVC  

FTIR of ligand showed main peaks at 3340 cm
−1

 

due to (N-H) [46,47], 1630 related to azomethine 

group (C=N) [48,49], and 1581 cm
−1

 owing to 

aromatic stretches. Comparison of the FTIR chart of 

ligands and their Fe, Cu, and Ni complexes usually 

provides an impression about the coordination sites 

of ligands in the complexes. The stretching vibration 

band of N-H was detected at 3340 cm
-1 

[50,51]. 

While in the metal complex's spectra displayed a 

weak as well as broad peak in the same site that can 

be attributed to existing of water molecules in the 

crystal lattice or hydrated water. While the band of 

the azomethine group (C=N) was found to be shifted 

to shorter wavenumbers (blue shift) in comparison 

with the chart of the metal complexes [52]. The blue 

shift of azomethine of the ligand (1630 cm
−1

) in the 

metal complexes (1520–1600 cm
−1

) designates that 

the complexion reaction takes place via a 

coordination bond between the lone pair of electrons 

on the nitrogen atom of azomethine [53]. 

 
Figure 3: FTIR spectra of pure PVC before (a), 

and after (b) photodegradation with irradiated time 50 

h at 313 nm. 

Figure 3 represented the FTIR spectrum of pure un-

degraded PVC, which showed several characteristic 

absorption bands. The peaks at 2920 cm
-1

 and 2970 

cm
-1

 represent asymmetric and symmetric stretching 

vibrations of the C-H bond of the methylene groups 

(CH2) [21,54]. The absorption peaks around 1410 

cm
-1

 were assigned for the bending of the aliphatic C-

H bond [55]. The peak at 1260 cm-1 was accredited 

for the bending of the C-H bond close to Cl. The 

characteristic absorption bands in the range of 1050-
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1150 cm
-1

 are designated for the C-C stretching bond 

of the PVC chain. The various absorption bands 

located at the range of 620-660 cm
-1 

correspond to the 

stretching of C-Cl bonds [56]. 

Upon performing the photodegradation process for 

pure PVC polymer, several new absorption bands 

appeared. Inspecting the spectral data of degraded 

PVC showed the appearance of three characteristics. 

The first bands at 1608 cm
-1

 identified the formation 

of unsaturated bonds of -C=C- resulting from the 

dehydrohalogenation (-HCl) of the polymer chains 

[51]. The second appeared around 1735 cm
-1

 

representing the combination of free oxygen with the 

polymer chains in the form of carbonyl compounds (-

C=O)  [57,58]. While the third characteristic 

absorption band appeared at 3440 cm
-1

 representing 

the formation of oxygenated derivatives in the form 

of hydroxyl groups (-OH) [59,60]. The creation of 

these three absorption bands proved the occurrence of 

the degradation process of PVC segments which 

leads to the elimination of hydrogen chloride 

molecules and oxidation of the intermediate into 

carbonyl and hydroxyl products. 

Figure 4 represented the FTIR behaviors of the 

three PVC samples stabilized with 0.5% of Fe-L, Cu-

L, and Ni-L metal complexes after performing the 

photodegradation process at an irradiation 

wavelength of 313 nm for 50 hours. It is clear that the 

three characteristic bands at 1608 cm
-1

, 1735 cm
-1

, 

and 3450 cm
-1

 appeared in different intensities. The 

intensities of these absorption bands were 

considerably dependent on the type of metal ions. 

Considering the 1608 cm
-1

 absorption band, the 

highest intensity was observed in the case of the Fe-L 

metal complex, while a slight decrease was obtained 

in its intensity in the presence of Cu-L. On the other 

hand, a considerable depression in intensity occurred 

upon using the Ni-L metal complex. The same trends 

of band intensities variation were observed for 1735 

cm
-1

 and 3450 cm
-1

. 

The intensities of the three characteristic 

absorption bands corresponding to the degradation 

process of PVC polymer were studied at different 

process times, and their values were used to 

determine the extent of degradation during the 

photodegradation process. 

During the photodegradation of PVC films, 

unsaturated compounds are produced. Thus, the 

unsaturation index (IC=C) can be linked to the 

irradiation time in the presence and absence of these 

additives. 

 
Figure 4: FTIR spectra of PVC blended films after 

50 h at 313 nm, Where (a) PVC-Fe-L (b) PVC-Cu-L, 

and (c) PVC-Ni-L 

Furthermore, hydroxyl derivatives are created 

during the photo-degradation of PVC. Accordingly, 

the hydroxyl index (IOH) was monitored with 

irradiation time for PVC and with additives [61]. 

Figures 5A-C represented the variation in the 

unsaturation, carbonyl, and hydroxyl indexes of PVC 

degradation by increasing the time of photo-

irradiation. The absorption intensities were used to 

calculate the carbonyl index (ICO), unsaturation 

index (Ic=c), and hydroxyl index (IOH), and it is 

reasonable to accept the fact that the upsurges of 

these indexes are a measure of the degradation extent. 

Obviously, the addition of the prepared metal 

complexes in the PVC matrix led to a noticeable 

reduction in the degradation of PVC upon irradiation. 

It is clear that there are two factors influencing the 

process of degradation, or the tendency of metal 

complexes stabilization performed on the polymer 

segments during the process.  

The first is increasing the time of the process, 

which increased the degradation extent of the 

polymer as represented by increasing the Ic=c, Ic=o, 

and I-oH. The second is the type of metal ions in the 

metal complexes. The Ic=o of PVC-Fe-L, PVC-Cu-L, 

and PVC-Ni-L values were lower than the obtained 

value of pure PVC film. 
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A 

 

B  

C 

 
Figure 5: Variation of: (A) the unsaturation index, 

(B) carbonyl index, and (C) hydroxyl index of PVC 

degradation as a function of irradiation time. 

 

It is suitable to conclude that the prepared metal 

complexes could be considered efficient photo 

stabilizers of PVC polymer. The efficient 

photostabilizer has a more extended induction period. 

Consequently, PVC-Ni-L is the most effective photo 

stabilizer, followed by PVC-Cu-L and PVC-Fe-L 

which are the least active. 

3.4 Molecular weight study of compounded PVC 

The degradation of PVC polymer segments is 

generally accompanied by chain scission followed by 

photo-oxidation [62], which is responsible for the 

decrease in the average molecular weight (Mv) of the 

used polymer. 

The viscosities of irradiated solutions in THF of 

pure and stabilized PVC polymer were measured by 

viscometer, and their Mv values were calculated using 

Equation 5 [63]. 

 [η]= 1:63x10
-2

 M
0.766

                           (5) 

The solution of the high molecular weight 

polymer (un-degraded polymer) has a high viscosity 

value compared with the degraded polymers. The 

viscosity of the different compounded PVC 

formulations was followed in order to determine the 

change in the average molecular weights in the 

presence of the synthesized stabilizers and compared 

them with the unstabilized PVC polymer.  

 
Figure 6: Variation of the average molecular 

weight Mv during irradiation of unstabilized and 

stabilized PVC films with 0.5 wt% of stabilizers. 

 

Figure 6 represents two main features of the pure 

and compounded PVC polymer. First, the gradual 

increase in the irradiation time from 0 to 250 hours 

decreased the average molecular weight of the 

polymer. Second, at constant irradiation time, the 

unstabilized PVC polymer has the highest decrease in 

the average molecular, while the type of stabilizers 

used played a considerable role in their Mv. 

MV for blank PVC was at 165,000 before 

photodegradation (t = 0), but this value was reduced 

to 99000 after 50 h and reached its minimum value 
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after 200 h at 40800. MV values of PVC stabilized by 

Fe-L, Cu-L, and Ni-L after 50 h of irradiation were 

104000, 120000, and 137000, respectively. Elevated 

depressions in the average molecular weights were 

determined after 200 hrs at 50700, 72100, and 97500 

in the case of Fe-L, Cu-L, and Ni-L, respectively. 

After the irradiation process, the M.V. for the blank 

PVC film reduced to about 24%, compared to 31%, 

44%, and 60% when PVC polymer stabilized by Fe-

L, Cu-L, and Ni-L metal complexes, respectively. 

Based on Mv measurements, Ni-L performs the 

highest stability for PVC rather than Cu-L, and 

finally, the least stabilizing efficiency was obtained 

by using Fe-L as a photostabilizer.    

For better support of this view, the number of 

average chain scission (average number cut per single 

chain) (S) was calculated using Equation 6 [64]: 

S=(Mv(t=0) / Mv(t)) – 1       (6) 

Mv(t=0), Mv(t): average molecular weight at t=0, t, 

respectively. 

While the degrees of deterioration of the polymer 

segments as a result of the photodegradation process 

due to the influence of UV irradiation were 

determined and represented in Figure 7 using 

Equation 7. 

    α = (m.S) / Mv                                           (7) 

where m is the initial molecular weight.  

Analyzing the data in Figures 7, and 8 revealed 

that the pure PVC polymer has a high instability 

towards the photo-irradiation and a considerable 

deterioration occurred on its segments, which 

resulted in a high chain scission that leads to cross-

linking in the final product. Furthermore, the 

calculated degree of deterioration is increased by the 

time of irradiation. On contrarily, the addition of the 

synthesized metal complexes to act as photo-

stabilizers considerably decreased the polymer chain 

scission and decreased the degree of deterioration to a 

large extent [65]. Deep sight in the data revealed that 

the metal complexes have the following upsurge 

order of stabilization for PVC polymer as follows: 

Ni-L > Cu-L > Fe-L. 

 

3.5 Suggested mechanisms of photo 

stabilization of PVC 

The degradation of PVC occurred due to several 

factors including thermal of photochemical factors. 

These factors initiate the first step of PVC 

degradation, which is the formation of the free radical 

on the polymer segment.  The formation of free 

radicals is the main reason for polymer degradation 

either during thermal or photochemical treatment. 

 

 
Figure 7: Variation of the main chain scission (S) 

during irradiation of unstabilized and stabilized PVC 

films with 0.5 wt% of stabilizers. 

 

 
Figure 8: Variation of the degree of deterioration 

(α) during irradiation of unstabilized and stabilized 

PVC films with 0.5 wt% of stabilizers 

 

The formed free radicals (Scheme 2) follow 

several reaction routes depending on the environment 

and the contaminants in the surroundings. The first is 

the dehydrochlorination reaction which is initiated by 

the influence of the formed acid (HCl) leading to the 
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elimination of several protons and chloride ions from 

the neighboring carbon atoms in a so-called zipper 

reaction [66]. 

Cl Cl Cl Cl Cl Cl Cl

Cl Cl Cl Cl Cl Cl

H

*

Cl*Chloride radical

Carbonyl radical

HCl elimination

Cl Cl Cl Cl Cl

Succesive HCl elimination

Polyene formation

PVC

Partially dehydrochlorinated PVC

InitiationUV radiation

Scheme 2: Photodegradation of PVC into polyene 

degradation products. 

This process resulted in the formation of polyene 

derivatives. The formation of polyene products leads 

to the darkness of the polymer color and can be 

detected using FTIR spectroscopy (Scheme 2). 

Increasing the intensity of FTIR spectra of PVC 

polymer indicates a high degradation extent of the 

polymer [67]. The extent of degradation determined 

by polyene factor IC=C is increased by increasing the 

degrading factor as can be seen in Figure 5A for 

virgin polymer. The second route is the capture of 

atmospheric oxygen by free radicals to form peroxide 

derivatives (Scheme 3). The chemical instability of 

the formed peroxides leads to their fragmentation to 

produce several oxygenated degradation products 

including aldehydes, ketones, and alcohols. The 

degree of degradation of PVC based on the second 

route can be determined spectrophotometrically using 

FTIR spectra by inspecting the functional groups of 

C=O, and C-OH and determining the corresponding 

IC=O, and IOH (Figure 4). The above two routes lead 

to one result which is the chain scission of the 

polymer segments. That harms the mechanical 

properties of the polymer in terms of depressing the 

viscosity of the polymer. Decreasing the viscosity of 

the polymer indicate that the molecular weight of the 

polymer is decreased. High depression in viscosity 

indicates the high deterioration of the polymer [68]. 

The roles of the polymer stabilizers either thermal or 

photo-stabilizers are to eliminate the formed 

hydrogen chloride to deactivate the 

dehydrochlorination process; and to capture the 

formed free radicals to prevent the formation of 

peroxide intermediates [69]. 

O

Chain cleavage

Oxygenated products

Peroxy cleavage

O

OH

Peroxy degradation products

atmospheric O2O O

O
O

Polyene

O
O

*
*

Scheme 3: Photodegradation of PVC into oxygenated 

degradation products 

The prepared metal complexes were used as photo 

stabilizers during the photodegradation of the PVC 

polymer. The mechanism of inhibiting these 

stabilizers can be pointed out in two points. The first 

is the elimination of the formed hydrogen chloride 

during the degradation of the polymer by 

combination with transition metal ions incorporated 

in the different metal complexes (Scheme 4). The 

second is the capture of the formed free radicals via 

their incorporation in the electronic cloud of the 

Schiff bases. The prepared Schiff bases comprise 

three structural phenyl rings in conjugated form, 
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which enhance the capture of the formed free 

radicals. Additionally, the antioxidant activities of the 

prepared stabilizers showed their high tendencies 

towards prevention of the oxidation of the 

degradation products, mainly the polyene products. 

The comparison between the efficiencies of the 

photostabilizing activities of the prepared metal 

complexes arranged them in the following trend: Ni-

L > Cu-L > Fe-L. That was ascribed based on the 

electronegativity of the metal ions. Electronegativity 

refers to the ability of an atom to attract shared 

electrons in a covalent bond [70]. The higher the 

value of the electronegativity, the more strongly that 

element attracts the electrons. The electro-negativities 

of the metal ions were as follows: Ni (1.91 eV), Cu 

(1.9 eV), and Fe (1.83 eV) [71]. As represented from 

these values, Ni metal ion has the highest ability 

towards capturing the electrons of the formed free 

radicals or the oxo-radicals, followed by Cu ions and 

finally Fe ions. 

4. Conclusions 

Metal complexes of the prepared Schiff base 

obtained from the coupling of p-phenylene diamine 

and salicylaldehyde represented diverse behaviors 

during the stabilization of PVC polymer. Fe-complex 

exhibited weak stabilization, while Cu- and Ni-

complexes showed increased stabilization against the 

photodegradation of PVC. The stabilizing properties 

were ascribed to the high antioxidant activity and the 

ability for capturing the formed carbocations and 

chloride free radicals during the degradation process. 

FTIR and viscosity measurements determined the 

degree of deterioration, intermediates, and functional 

groups formed on the polymer segments.  
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