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Abstract 

PVC undergoes through many damaging changes upon the exposure to UV light. The rate of 

photodecomposition constant have been calculated for PVC films as a method for evaluating the 

efficiency of the organotin(IV) complexes Me2Sn(L)2, Bu2Sn(L)2 and Ph3Sn(L) that are used as a 

photostabilizers after 300 hour of irradiation. The results have showed that the additives had 

reduced the rate of photodecomposition constant of PVC films significantly with comparison to 

PVC (blank). The (Kd) value for PVC films was the highest (1.04 × 102 sec1) in the absence of 

any additives, and the lowest value (4.79 × 10-3 sec-1) was in the presence of dimethyltin (IV) 

complex. The surface morphology of PVC films examined utilizing the atomic force microscope 

(AFM).           [DOI: 10.22401/ANJS.22.3.01] 
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1. Introduction 

In the vicinity of small municipal facilities, 

ground contamination and air pollution have 

become an environmental issue that should be 

addressed [3]. The incineration of plastics 

produces strong volatile carcinogenic dioxins, 

which is present in most dust particulates and 

municipal refuse, causing an environmental 

issue [1,2]. Process which deteriorates 

polymer properties due to chemical, physical 

or biological reactions that lead to chemical 

transformation are recognized as polymer 

degradation [4]. Degradation of polymeric 

materials occurs in different environments and 

service conditions, which leads to limit the 

lifetime of the polymer. Poly(vinyl chloride) 

has been, for more than 70 years, one of the 

most important and among the most frequently 

used plastics [5]. PVC under environmental 

factors – such as UV radiation from sunlight, 

and also moisture, temperature, and biological 

decay –suffers from chemical and physical 

changes in the structure of the material 

components of the polymer [6]. The changes 

evaluation in PVC properties under service 

conditions has become a significant issue, as 

this indicates the durability of PVC products 

[7]. Ultraviolet radiation are known have 

deleterious effects on the most polymers, 

inducing chemical modifications and chain 

scissions which ultimately lead to undesirable 

loss of mechanical and surface properties of 

irradiated material [8]. Susceptibility of PVC 

substances to incident light of (300–400)nm 

wavelength has been subjected of many 

investigations [9-12], since the monomer unit 

itself contains no chromophore that absorbs in 

the solar emission range. This work aim to 

investigate the effect of the synthesized 

organotin (IV) complexes [13,14], as 

photostabilizers for PVC by observing the 

photodecomposition rate constant as an 

evaluation method for the additives efficiency 

to reduce the damaging effects of UV 

radiation. 
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2. Materials and Methods  

Materials used 
Ciprofloxacin and other chemicals 

supplied from Sigma-Aldrich Chemical 

Company (Gillingham, UK) and used as 

received. 

 

Experimental methodology  

Synthesis of organotin(IV) complexes 

The di- and triorganotin(IV) complexes 

had been synthesized by the reaction with 

ciprofloxacin as ligand (1-cyclopropyl-6-

fluoro-4-oxo-7-piperazin-1-ylquinoline-3- 

carboxylic acid) in methanolic medium with 

different ratios and formed off white colored 

powder. The complexes have been 

characterized by FTIR spectroscopy, UV-VIS 

spectroscopy, elemental analysis and 

conductivity measurements, as reported 

[13,14]. 

 

 

 
     (a)                                                                                  (b) 

Fig.(1): Triphenyltin(IV), (a) Me2Sn(L)2 and (b) Bu2Sn(L)2 complexes. 
 

PVC films preparation  

Fixed concentrations of poly(vinyl 

chloride) solution (5 g per 100 ml) in THF 

were utilized to synthesize polymeric films 

with (40µm thickness) fixed by a Digital 

Vernier Caliper 2610A micrometer (Vogel 

GmbH, Kevelaer, Germany). The prepared 

organotin(IV) complexes were added to the 

films of (0.5% by weight) [15-17]. 

 

Accelerated testing technique 

Accelerated weatherometer Q.U.V. tester 

(Philips, Germany), was used for irradiation of 

PVC films. These lamps are of the type (UV-B 

313) giving wavelength range between (290 to 

360 nm) and the maximum wavelength light 

intensity is at (313 nm) with light intensity = 

7.75×10-7 Ein Dm-3 S-1 [18-20].  

 

Photodegradation and evaluation of PVC 

stabilizing efficiency by ultra-violet 

spectroscopy  

A Shimadzu UV-Vis 160A-Ultraviolet 

Spectrophotometer (Shimadzu Cooperation, 

Kyoto, Japan) was used to measure the 

changes in the UV-visible spectra of PVC 

films during irradiation (λmax = 313 nm) [21]. 

The photodecomposition rate constant (kd) of 

PVC films were calculated [22], using 

Equation (1). 
 

𝑙𝑛(𝑎 − 𝑥) = 𝑙𝑛𝑎 − 𝑘𝑑  𝑡  ....................... (1) 
 

Where, 𝑎 = 𝐴0 − 𝐴∞, 𝑥 = 𝐴0 − 𝐴𝑡 

 a = stabilizer concentration before 

irradiation.  

x = change in stabilizer concentration after 

irradiation time (t) as shown in Equation (2). 
 

𝑎 − 𝑥 = 𝐴0 − 𝐴∞ − 𝐴0 + 𝐴𝑡 =  𝐴𝑡 − 𝐴 .

 ................................. (2) 
 

A0 = the absorption intensity of the PVC at t0. 

A∞ = the absorption intensity at t .  

At = the absorption intensity after irradiation 

time t. 
 

Equation (3) was obtained by substituting 𝑎 −
𝑥 in Equation (1) by its value in Equation(2) 
 

𝑙𝑛(𝐴𝑡 − 𝐴∞) = 𝑙𝑛(𝐴0 − 𝐴) − 𝑘𝑑  𝑡  ...... (3) 
 

3. Results and Discussion 

Poly(vinyl chloride) has poor stability 

against light and may be due to abnormalities 

in the structure of the polymer such as 

carbonyl groups, hydroperoxide groups, and 

unsaturated terminal groups that are present in 
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various types of commercially available 

polymer samples [8]. The bonds (C-C, C-H 

and C-Cl) of PVC are not expected to absorb 

light of wavelength longer than (190-220) nm. 

The fact that free radicals are formed due to 

irradiation at long wavelengths (220-370) nm, 

give an indication of the existence of some 

types of chromophores in the polymeric chain 

[23,29]. During UV irradiation of polymers, 

carbonyl, hydroxyl and polyene groups are 

formed due to the photo-oxidation process. 

The change in UV-VIS spectrum of PVC 

during irradiation may indicate the formation 

of these groups. The formed carbonyl groups 

extend UV-VIS spectrum absorption to longer 

wavelengths between (200-400) nm. And it’s 

generally accepted that carbonyl and polyene 

groups which are formed during UV 

irradiation, are responsible for the yellow color 

of the PVC [24]. 

The PVC films (40 m thickness) 

containing organotin (IV) complexes (0.5% by 

weight) were irradiated with a UV light  

(λmax = 313 nm) for 300 hours. PVC films 

during irradiation have undergone photolysis 

and clear changes took place. The effect of the 

prepared organotin(IV) complexes Me2Sn(L)2, 

Bu2Sn(L)2 and Ph3Sn(L) on the photostability 

of PVC films was investigated. By Plotting 

𝑙𝑛(𝐴𝑡 − 𝐴∞) versus time of irradiation (t), a 

straight line which indicates the first order 

reaction and the slop equals the (Kd) rate 

constant of decomposition. The change in 

𝑙𝑛(𝐴𝑡 − 𝐴∞) versus time of irradiation (t) for 

PVC (blank) with the absence of any additives 

is represented in Fig.(2). 

 

 

 

 
 

 
Fig.(2): Changes in 𝒍𝒏(𝑨𝒕 − 𝑨∞) for PVC (blank) versus time of irradiation. 

 

 
 

Fig.(3): Changes in 𝒍𝒏(𝑨𝒕 − 𝑨∞) for PVC film containing Me2Sn(L)2 versus time of irradiation. 
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Fig.(4): Changes in 𝒍𝒏(𝑨𝒕 − 𝑨∞) for PVC film containing Bu2Sn(L)2versus time of irradiation. 

 

 
Fig.(5): Changes in 𝒍𝒏(𝑨𝒕 − 𝑨∞) for PVC film containing Ph3Sn(L) versus time of irradiation. 

 

Fig.(3, 4 and 5) show the change in  

𝑙𝑛(𝐴𝑡 − 𝐴∞) versus time of irradiation for all 

additives in PVC films as stabilizers on 

irradiation with UV radiation. The 

photodecomposition rate constant (kd) of all 

PVC films (40 μm thickness) with (0.5 % by 

weight) additives and without (blank) any 

additives was calculated by the same way and 

The (kd) values were computed using the UV 

spectra changes of PVC films [19,25,30] as 

shown in Table (1). 
 

Table (1) 

The rate constant of photodecomposition 

(Kd) values for PVC films upon UV 

irradiation for 300 hours. 
 

Kd (S
-1) Compound 

1.04 × 10-2 PVC (blank) 

4.79 × 10-3 PVC + Me2Sn(CIP)2 

6.58 × 10-3 PVC + Bu2Sn(CIP)2 

9.82 × 10-3 PVC + Ph3Sn(CIP) 
 

From Table(1) notice that (kd) values are 

sensitive to the presence of organotin (IV) 

complex and its type. The (kd) value for PVC 

films was the highest (1.04 × 10-2 sec1) in the 

absence of any additives and the lowest value 

(4.79 × 10-3 sec-1) was in the presence of 

dimethylTin(IV) complex. Rate constant of 

decomposition (kd) for PVC (blank) has been 

reduced significantly (4.79 × 10-3 to 9.82 × 

103 sec1) when organotin(IV) complexes 

were used as additives. The efficiency of 

organotin complexes as photostabilizers during 

the photodegradation follows the order: 
 

Me2Sn(CIP)2  Bu2Sn(CIP)2  Ph3Sn(CIP)> 

PVC (blank) 
 

Figures (6 and 7) are shown AFM 2D and 

3D images for PVC (blank) and the one 

containing Me2SnL2 complex after 300 hours 

of irradiation, respectively. The roughness 

factor (Rq) can be evaluated PVC films 

surface smoothness [26]. High Rq value 

indicates dehydrochlorination and bond 

breaking which led to the rough surface 

[27,28]. Dehydrochlorination process normally 
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occurs at high temperature [28]. Rq = 17.92 for 

PVC (blank) was high compared to the 

addition of Me2SnL2 complex Rq = 1.08 after 

300 hours of irradiation. 

 

 

 

 
 

 

 
Fig.(6): AFM 2D and 3D images for PVC (blank) film after 300 hrs irradiation. 

 

 
Fig.(7): AFM 2D and 3D images for PVC film containing Me2SnL2 after 300 hrs irradiation. 

 

Scanning electron microscopy (SEM) is a 

useful technique that can be used to test the 

compatibility of various components within 

polymeric materials. Such a technique can 

detect the various interfaces and separation 

phases within the polymeric matrix, which 

reflect both mechanical and thermal stability 

properties, and ionic conductivity [21]. 

Moreover, SEM images provide information 

about particle shape and size. It has been 

reported that the SEM images for the non-

irradiated PVC (blank) showed smooth and 

neat surfaces with a high degree of 

homogeneity [14]. The SEM images, for the 

irradiated PVC (after 300 h of irradiation) are 

shown in Fig.(8). 
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Fig.(8): SEM images of PVC (blank) films (a) before irradiation, (b) after irradiation. 

 

4. Conclusion 

The rate of photodecomposition constant 

of PVC films with and without organotin (IV) 

complexes after 300 hour of irradiation have 

been computed. The efficiency of the 

organotin (IV) complexes as photostabilizers 

was noticed through reducing the rate of 

photodecomposition constant compared to 

blank PVC that showed the highest value for 

(Kd = 1.04 × 10-2 sec1). PVC films containing 

organotin(IV) showed lower values for (Kd = 

4.79 × 10-3  9.82 × 103 sec1), while in the 

presence of dimethyltin (IV) complex (kd) 

value was the lowest indicating its higher 

efficiency to stabilize PVC during UV 

irradiation. The atomic force was utilized to 

assess the surface morphology of PVC films. 
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