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Abstract 

Poly(vinyl chloride) (PVC) was prepared and the photo-stabilization of 
polymer films was studied using ultraviolet (UV) light. The efficiency 

of the synthesized polymer complex of ibuprofen-tin which is the photo-
stabilizer in this study afterward of 300 hours of irradiation were 
evaluated by calculate the constant of PVC degradation rate. The 
outcome of this research has shown that the additives (ibuprofen-tin 
complexes) effect significantly on the decreased degradation constant 
compare to blank PVC, without additives the rate of degradation 
constant of PVC is greater than when the additives are added. The 
surface morphologies of the irradiated polymer film with additives were 

researches utilizing Field Emission Scanning Electron Microscope 
(FESEM). It can be seen that the polymer film with added additives is 
less roughness than the irradiated PVC (blank). The organotin 
complexes behave in this study as a photostabilizer to maintain the PVC 
from any decomposition by absorbing the incident light and convert it 
over the time as a heat to the polymeric chain.

  

1. Introduction 

In the industrial area, the demand for polyvinyl chloride (PVC) exceeds 35 million tons per year [1]. 
Photodegradation caused by UV light absorption changes the polymer characteristics irreversibly. The incoming 
light has three spectra: ultraviolet (UV), visible (Vis), and infrared (IR), each with a different energy level. UV 

radiation accounts for just 8% of total incoming sunlight, although it is the primary cause of deterioration [2]. 
Dehydrochlorination at thermally labile sites defected the polymer chain, which started the breakdown process. 
When the levels of hydrochloric acid and polyenes reached a particular threshold, the polyenyl cation radicals that 
led to autocatalysis were formed [3, 4]. Coloration of the polymer caused breakage in the macromolecular chain, 
and because oxygen is present, oxidative processes occur, altering the physical characteristics of the polyvinyl 
chloride and weakening the substance. Organotin(IV) complexes have sparked a lot of interest due to their 
applicability in a variety of disciplines, including industrial, agricultural, and biocidal fields [5, 6]. The structure 

and coordination number (CN) of the Sn atom impact the bioactivity of organotin complexes in general [7]. The 
kd of PVC-prepared films containing three distinct ibuprofen tin complexes was studied in this work, and UV light 
was used to assess the stability of novel stabilizers. 
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2. Supplies and Procedures 

2.1. Supplies 

Petkim Petrokimya supplied the polyvinyl chloride (PVC) (Turkey). UV radiation (max = 365 nm; light intensity 

= 6.43 109 ein dm3s1) was used to irradiate the PVC sheets at 25°C using the weather-meter QUV tester (USA). 

2.2. Ibuprofen-Tin Complexes I-III Preparation 

The interaction of ibuprofen compound with tin(IV) chloride yielded three distinct organotin (IV) complexes [8]. 
The chemical structures of I-III were characterized using methods such as FTIR, 1H-, and 119Sn-NMR. In addition 
to FESEM, the surface morphology of the produced complexes was determined [8]. (Figure 1). 

 

 

Figure (1). Synthesized complexes chemical structures I-III. 

2.3 Polymeric Film Synthesis 

At 25°C, PVC (5%) in tetrahydrofuran solution was made. The produced organotin complexes were then added to 
the preceding solution (0.5 percent by weight) and agitated for half an hour to obtain the reaction mixture. To 
generate a dry stabilized PVC film, the mixes were put into a glass mold and allowed for one day [9].  

2.4. Ultraviolet Approach 

The accelerated UV light was tested by prepared chamber connected to 40-W UV. All prepared PVC films after and 

before adding photostabilizer were exposed to UV light at the wave length of 313 nm and intensity of  7.75×10-7 
Ein.Dm-3.S-1, the measurements took after 300 hrs. [10]. 

2.5. UV Spectrophotometer 

Spectrophotometer 160A UV-Vis, (Shimadzu, Japan), was utilized to evaluate the differences of UV of the 

prepared PVC films. All films were irradiated by UV light at wavelength (λmax) of 313 [11]. The 
photodecomposition constant (kd) was calculated using equation (1): 
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𝒍𝒏(𝒂 − 𝒙) = 𝒍𝒏𝒂 − 𝒌𝒅 𝒕 (1) 

Where a and x refer to the conc. of PVC before exposed to UV light and at a certain time t, respectively. By 

substituting a by 〖A_0-A〗_∞, and x by 〖A_0-A〗_t, the equation will be: 

 

 
 

 

Where Ao denotes the absorption intensity of PVC at a certain time, t0, A∞ denotes the absorption intensity of 
PVC at t, and At is the absorption intensity of PVC following UV irradiation at t. Thus, the photodecomposition 
constant (kd) value was derived from the slop of the first order process, which yields a straight line when ln(At ¬ 
A∞) and the irradiation time (t) are plotted [11]: 

 

3. Results and Discussion 

The synthesized ibuprofen complexes have been utilized as photo stabilizers of PVC polymers, and it can be seen 
its effect protecting the polymer film from degradation when irradiated by UV light, as shown in Figures 2-5 by 
the diagram drawn between 〖ln(A_t-A〗_∞) and t (irradiation time). The first order kinetics reaction gives straight 

line in the figure, and the slope give the photodecomposition constant (kd) of the prepared films. The figure 

between 〖ln(A_t-A〗_∞) and irradiation time (t) of with no additives are shown in Figure (2).  

 

 

Figure (2). First-order rate plot of photo-decomposition constant for blank PVC.  

 

Figures 3, 4 and 5 illustrate the relationship between the ln(A t-A_) and the irradiation time of PVC-produced 
films mixed with the novel ibuprofentin compounds(I-III). 
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Figure (3). First-order rate plot of photo-decomposition constant for PVC + complex I. 

 
Figure (4). First-order rate plot of photo-decomposition constant for PVC + complex II. 

 

 
Figure (5). First-order rate plot of photo-decomposition constant for PVC + complex III. 
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Table (1) lists all photodecomposition constants for blank and blended PVC with complexes I-III. 

Table (1). Photodecomposition constant (kd) of blank and blended PVC films after exposure to UV. 

PVC Film + Kd (s1) 

 9.8  

 complex I 2.7  

 complex II 6.0  

 complex III 6.5  

 
Figures (3) to (5) and table (1) show the efficiency of the presence of ibuprofen-tin complexes as photostabilisers 
and their effect to reduce the kd values of the synthesised PVC films. The PVC as blank got the highest kd value, 

while all PVC films with additives got the lowest values. The rate constant dropped significantly from 10 × 103 

to 6.20 × 103 s1 when ibuprofen-tin complex III was added. More studies need to be done to discuss the effect of 

different PVC stabilizers has different effect on the coloration of the prepared PVC films. 

The surface morphology of the stabilized polymer film containing ibuprofen-tin complexes (I-Iwaswere studied 
by FESEM [1, 2]. The images that we have got from FESEM show a significdifferencerent between PVC (blank) 

and containingtain I-III complexes after exposure to the UV light. 

 

Figure (6). FESEM image of PVC (blank) after irradiation by UV light. 

From figure 7, 8 and 9, The difference that we obtained between images of PVC (blank) and PVC with additives 
as a photostabilizer that the cavities, irregular shapes, cracks and diverse shapes and size. 

The removal of HCl molecules and other fragments from the surfaces of the PVC films was attributed to the 
production of C=C or crosslinking through the polymeric chains [3]. The ibuprofentin complexes have a strong 
affinity for resisting dehydrochlorination and crosslinking, according to the surface analysis approach. 
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Figure (7). After exposure to UV FESEM image captured of PVC + complex I. 

 

Figure (8). FESEM image for PVC + II after irradiation. 

A compact surface made up of huge granular particles and flake-like particles defined the surface roughness 
(Figure 9). 
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Figure (9). After exposure to UV FESEM image captured of PVC + complex II. 

4. Conclusion 

The photodecomposition constant (kd) of all prepared PVC films as blank and after the addition of photostabilizers 
of ibuprofen-tin complexes (I-III) have been reduced which indicates that the photo stabilizers have a high 
efficiency to decrease the photodecomposition rate for PVC polymeric films. 

Acknowledgement: Our thanks to Al‐Nahrain, Al‐Mansour, Kebangsaan Malaysia and Nizwa Universities for 
the technical support. 
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