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The ligand 5-(naphthalen-1-ylmethyl)-4-(((1E,2E)-3-phenylallylidene)
amino)-4H-1,2,4-triazole-3-thiol in micro size used to synthesize the 
new cobalt nanocomplex using the sonochemical method. The new cobalt 
nanocomplex[Dichlorobis(5-(naphthalen-1-ylmethyl)-4-(((1E,2E)-3-
phenylallylidene) amino)-4H-1, 2, 4-triazole-3-thiol) cobalt(II)] hydrate, 
was diagnosed by spectroscopic methods  X-Ray diffraction, where the 
average crystal of the prepared particles was (45 nm), and using the Field 
Emission Scanning Electron Microscopy (FESEM) the average nano 
size was about (41 nm) and Atomic force microscopy (AFM) statistical 
distribution of diameters showed results within the nanomaterial limit 
(62.72 nm) this is consistent with the measurements of both (X-Ray 
Diffraction) and (FESEM). Also, pure polyvinyl chloride (PVC) and 
polystyrene (PS) films were prepared alone, and in the presence of 
the inorganic nano complex prepared as an additive; the follow-up 
of the optical fragmentation and photoinhibition of the polymeric 
films prepared with the presence and absence of the nano complex, 
the accelerated irradiation device, which had an intensity of 4×10-5 
einstine.ed-3.sec and by using the infrared absorbance (FTIR). Hydroxyl 
groups (IOH), carbon (ICO), and polyene (IPO) for polyvinyl chloride and 
polystyrene with and without the addition of cobalt nanocomplex with 
the irradiation time, as well as the ultraviolet radiation absorption to 
calculate the photodissociation speed constant of the polymeric films, in 
addition to the weight loss and changes on the surface of the films. The 
impact of temperature, and light, on the lifetime of Polyvinyl chloride and 
Polystyrene Polymers has been studied in the presence and absence of 
the nanocomplex. In general, increased stability and lifetime of polymers 
were observed in the presence of the nanocomplex.
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INTRODUCTION
Due to their simplicity of synthesis, excellent 

complexation capabilities with a variety of 
transition metals, and amazing biological activity, 
particularly in their complexes, Schiff base 
ligands have drawn the attention of numerous 
researchers [1]. The contain both soft and hard 
donor atoms and have high sensitivity and 
selectivity in coordination as well as extensive 
reaction properties, Schiff base, which include 
S, N, and O atoms as electron-donating groups, 
form stable chelates with a wide range of metals 
and can be extremely useful as antibacterial, 
antifungal, antitumor, antioxidant, anticancer, 
antiviral, antimalarial, anti-inflammatory, anti-HIV, 
antiparasitic agents [2, 3] and anti-cancer [4].

1,2,4-triazole, various biological activities can 
be derived from Schiff base compounds, which 
have an azomethine group in their structure. The 
capacity of Schiff-triazole base ligands to regulate 
the steric and electrical characteristics of the 
bonds affixed to metal ions is their primary benefit 
[5-7].

The chemicals’ physicochemical, 
pharmacological, toxicological, and 
pharmacokinetic qualities are thereby improved by 
their lipophilicity and polarity. Strong coordination 
capacity with metal ions is provided by all three 
of the triazole’s nitrogen atoms [8, 9]. Because 
1,2,4-triazole-derived chelate base compounds 
feature extra N-donor atoms (N-donor) that can 
form single, double, or triple bonding sites and 
boost stability through the alkylating action, 
they have drawn a lot of attention recently [10]. 
Furthermore, because of their varied coordination 
patterns, ligands derived from triazole have 
been used to create a variety of complexes with 
amazing properties by sharing metal ions’ positive 
charge with the N-donor atoms of 1,2,4-triazole. 
This has increased the stability of the chelate ring 
by delocalizing the π-electron cloud.

1,2,4-triazole-derived compounds have drawn a 
lot of interest recently because of the main issues 
related to the application of whether synthetic or 
semi-synthetic; one of the main issues with using 
polymeric materials is that they photodegrade 
under severe conditions like sunshine and high 
temperatures [11, 12]. Discoloration, cross-linking, 
and chain cleavage may result from this [13], To 
avoid and/or reduce the impact of atmospheric 
conditions, polymeric materials must be stabilized 
against photodegradation and photooxidation. 

Stabilization would also expand the polymer’s 
long-term applications, boosting its economic 
feasibility. Polymeric films can be made more 
photostable by adding different additives, such as 
plasticizers [14] and heterocyclics [15].

Polymers are widely used due to their many 
beneficial characteristics; if the decomposition, 
disintegration, fragmentation, durability, or 
resistance of materials determine their utility, 
additives, chemical combinations, and other 
substances can quicken the pace of fragmentation 
or affect the stabilization and hardening of 
materials. Comparing blended and unblended 
PVC-based plastics [16-18]. 

These polymers are the most prevalent kind of 
plastic, accounting for 90.3% (plus the remaining 
9.7%) of all polymeric materials used [19]. 
Furniture, cars, houses, structures, emergency 
shelters, medications, cold storage, chemical 
manufacture, and food packaging are all made of 
polymers [20, 21].

Synthetic aromatic polymer, or polystyrene 
(PS), is manufactured annually in millions of 
tons. The plastic that is created by polymerizing 
styrene finds widespread application. Polystyrene 
comes in a variety of forms and applications, 
including insulation, electronics [22], bottles, and 
containers. Its characteristics are determined 
mainly by where the phenyl groups are located in 
the polymer chain [23, 24]. 

The photochemical process (degradation) 
of exposed polymers and plastics is stopped or 
slowed down by the photoinhibition of polymers. 
By adding a mild stabilizer to the polymer, the rate 
of oxidation is slowed down [25, 26]. One example 
of a method used to avoid or prevent the effect 
of ultraviolet radiation on plastics is azo dyes, 
which are complex formulas that are insoluble 
in inorganic, organic, and metallic compounds, 
such as anthraquinone dyes, and are perfect UV 
reflectors. This polymer has been the focus of 
extensive research because of its impact on the 
physical, chemical, and mechanical properties of 
PVC and PS, which react significantly to light and 
heat (typically because of the loss of hydrochloric 
acid). The creation of polyvinyl chloride requires 
the usage of vinyl chloride monomer, one of 
the most precious goods in the chemical sector 
[27]. An investigation has been conducted into 
how adding nanoparticles to a polymer can help 
with the photostabilization process 10 times 
the angstrom, the fundamental unit of atomic 
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size, is researched as the “basic principles of 
molecules and compounds”. Nanomaterial 
research and its applications in various scientific 
fields are the main areas of interest in the field of 
nanotechnology [28]. To be more precise, their 
distinctive characteristics stem from their higher 
surface area-to-volume ratio [29-33].

MATERIALS AND METHODS
All chemicals were obtained from Sigma-

Aldrich and were analytical-grade reagents that 
did not require additional purification. Diagnostic 
tools were used to prepare and identify the 
nano complex; the sonochemical reactions were 
carried out by the sonochemical probe (Ultrasonic 
Processor UP200S, Hielscher Ultrasound 
Technology, U.K.), atomic force microscope images 
of the surface compounds are measured by using 
(SPM model AA 300 of Angstrom Advanced INC 
USA), and the nanoparticle complexes’ size and 
morphology were characterized using a field 
emission scanning electron microscope ((FE-
SEM) TESCAN, MIRA3, France). At the same time, 
X-ray diffraction is the primary technique used 
to identify the crystalline solid structure. X-ray 
diffraction experimentations characterized by 
using (Xpert, Phillips, Holland).

Preparation of (5-(naphthalen-1-ylmethyl)-4-
(((1E,2E)-3-phenylallylidene) amino)-4H-1,2,4-
triazole-3-thiol) ligand (L)

Through the method described in the reference 
[3], ligand (5-(naphthalen-1-ylmethyl)-4-(((1E,2E)-
3-phenylallylidene)amino)-4H-1,2,4-triazole-
3-thiol) was obtained and confirmed by the 
diagnostic methods (S2-S7) mentioned in the 
Supplementary Materials file.

Synthesis of nano complex ([Dichlorobis(5-
( n a p h t h a l e n - 1 - y l m e t hy l ) - 4 - ( ( ( 1 E , 2 E ) - 3 -
phenylallylidene)amino)-4H-1,2,4-triazole-3-thiol)
cobalt(II)] hydrate) (CoL)

Using sonochemical synthesis (an ultrasonic 
device), the new nanocomplex CoL was 
synthesized using a micro-sized ligand. As a result, 
the 1,2,4-triazole Schiff base ligand L (0.002 
mol, 0.72 g) was dissolved in 30 mL of methanol 
solvent. Additionally, (0.001 mol, 0.23 g) of the 
metal salt (CoCl2.6H2O) was dissolved in 20 mL of 
methanol, and the metal to ligand (M:L) ratio was 
1:2 to synthesize the CoL cobalt nano complex. 
Finally, the metal solution was added (dropwise) 

to the ligand solution above. The mixture was 
exposed to ultrasound radiation for an hour, but 
intermittently, using a high-intensity ultrasound 
probe. After the complex precipitated, it was 
filtered and dried at 50 °C.

Synthesis of Modified Polymeric Films
The 100 milliliters of Tetrahydrofuran (THF) 

were mixed with five grams of PVC and PS to create 
the polymer. Following total dissolving, 0.01 g of 
the nanocomplex was added and continuously 
stirred for an hour. The mixture was then poured 
into dimensions (5*5) cm glass molds with a 40 
μm thickness.

Polymer films were prepared by dissolving one 
gram of the polymer in the appropriate solvent. 
Styrene polymer was dissolved in chloroform, 
while polyvinyl chloride was dissolved in 
tetrahydrofuran. They were then placed in locally 
made glass molds and left at room temperature 
for 24 hours. After that, the films were removed 
from the glass molds, the thickness was measured 
using a 2610A micrometer, and they were glued to 
cardboard sheets.

Polymeric films with the complex were prepared 
by adding 0.01 g of the complex to the prepared 
solution in a round-bottomed flask and refluxing 
for an hour, then pouring into locally made glass 
molds and leaving for 24 hours, then placing them 
on a carton and irradiating them [39].

Photodegradation measuring methods
The films undergo treatment utilizing an 

accelerated weather meter called QUV (Q-panel 
Laboratory Ultraviolet testing), which exposes 
them to ultraviolet (UV) radiation at a temperature 
significantly higher than 250–380 nm.

Films are tested in the QUV by subjecting them 
to controlled high temperatures and alternating 
cycles of UV light and humidity. Using fluorescent 
UV lights, the QUV replicates the effects of sunlight 
and uses condensed moisture and/or water 
spray to replicate dew and rain. Based on earlier 
research, 300 hours of testing with artificial UV 
lamps is comparable to almost a year of sunlight, 
heat, and humidity in Iraq. Thus, the created 
polymer films are subjected to ambient conditions 
for a whole year [40, 41].

Weight loss method
The losing weight ratios of photodegraded PVC 

film in the presence and absence of additives are 
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used to calculate the stabilizing strength of an 
addition using the following Eq. 1 [18]:

Weight loss % = W1 − W2
W1

∗ 100 

  

                        (1)

Where: W1= weight of sample (before 
irradiation), W2= weight of sample (after 
irradiation).

FTIR Spectra
Using FTIR spectra in the 4000-400 cm-1 range, 

the degree of photodegradation of the polymer 
films was ascertained utilizing Eq. 2 [15]. 

Is = As / Ar 

  

                                                             (2)
                                    

Where: Is = Index of the group under study, As = 
Absorbance of peak under study, Ar = Absorbance 
of reference peak.    

The ratio of transmittance (%T) to absorptivity 
(A) is changed using the Beer-Lambert law as in Eq. 
3 [35].

A =log log (100\ T %)                                                                                                                                                   (9)  
 

  

                                          (3)

RESULTS AND DISCUSSION 
Characterization of cobalt nano complex (CoL)

The ligand spectrum showed the vibration 
spectrum of the υ C=N group for the Schiff base 

at 1643 cm-1. As for the nano complex (CoL) 
appearing in Figs. (S2 and S8), its frequency 
distance in these groups is at 1629 cm-1. This is 
evidence of the formation of the complex. As for 
the υ C=S triazole group’s bands in the ligand were 
1330 cm-1 and appeared in the nano complex at 
1311 cm-1. This is evidence of the formation of the 
complex. The association of the metal ion with 
the sulfur atom with a coordination bond (Co-S) 
in the thione group [34], aromatic υ (C=N) triazole, 
and (N-H) groups showed bands at 1595 and 3211 
cm-1 in FTIR spectrum for ligand respectively, while 
the characteristic bands at 1602 and 3269 cm-1 
respectively in nano complex.

The difference in the position and intensity of 
the C=N azomethine group between the ligand and 
complex in the FTIR spectra gives more evidence 
for coordinating the metal ion with C=N nitrogen. 
As a result of the metal ion being coordinated 
with the thion sulfur and azomethine nitrogen 
when complexing, a stable five-membered ring 
is formed. Also, the difference in new vibration 
bands for the complex appeared not present in 
the ligand spectrum of the (Co-S and Co-N) groups 
at 524 and 459 cm-1, respectively [35].

X-ray diffraction (XRD)
The main technique used in the identification 

of the crystalline solid structure. X-ray diffraction 
experimentations are characterized by using (Xpert, 
Phillips, and Holland), which is characterized by 
being a continuous scanning device with a speed 
of 5 deg./min., to identify the noncomplex and 
determine their crystalline shape using the X-ray 
diffraction technique. The X-ray tube produces 

 

  

  

Fig. 1. Shows the X-ray diffraction spectrum of the cobalt nanocomplex.
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X-rays using a copper target and a current of 30 
mA and voltage of 40 KV., with rays produced is 
1.45 A˚. The X-ray diffraction measurement results 
in (Fig. 1) clearly show an increase in the full width 
of the middle of the height (FWHM). This indicates 
the formation of an inorganic nanoparticle 
complex with an average crystal size of 45 nm. 
The Debye–Sherrer equation [36] was utilized to 
calculate the size of the crystal Eq. 4.

D = kλ
β COS θ  

 

  

  

                                                            (4)

Where λ is the wavelength used, β is the width 
of the highest peak from the middle, and Ɵ is the 
diffraction angle.

Field Emission Scanning Electron Microscopy (FE-
SEM)

FE-SEM analyses of the nano complex were 
also conducted using SEM (Scanning Electron 
Microscope). Fig. 2 image demonstrates that 

the sample’s morphology is generally spherical, 
with uniform particles and just a small amount 
of agglomeration [27]. Owing to the crystals’ 
interrelationships, the agglomeration may be 
caused by agglomeration spaces with varying 
diameters. The average grain size in the images 
was measured with a measuring tool, and the 
results showed that the average grain size from the 
scanning electron microscope was approximately 
41 nm, which is consistent with the sizes obtained 
using the X-ray

Atomic force microscope (AFM)
Using AFM data and statistical distribution of 

the diameters, we observed that the complex gave 
an average diameter within the nanomaterial’s 
limits (62.72 nm), as shown in (Table 1 and Fig. 3), 
the 3D nanocomplex and distribution chart of the 
nanocomplex.

Polymer film diagnosis
The weight loss results as a function of irradiation 

time [37] are represented in Fig. 4. The results 

 

  

 

  

Fig. 2. The (FE-SEM) of the cobalt nanocomplex.

Fig. 3. (A) The 3D nanocomplex, and (B) The distribution chart of the nanocomplex.
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indicate that the inorganic nano-complex has an 
inhibitory effect against the photodegradation of 
PS and PVC samples, which resulted in a significant 
decrease in the weight loss percentage compared 
to the single polymer, and the inhibition efficiency 
is arranged as follows:

PVC < (PS + nanocomp) < PS< (PVC+ nanocomp.)

AFM and microscopic imaging
Before and after the 300-hour irradiation 

process, PS and PVC polymer films containing the 
nanocomplex were subjected to AFM analysis to 
enhance the clarity of the films’ surface topography 
and provide a precise account of the nanosize 
distribution ratios and surface roughness. As 
shown in Fig. 5 and Table 2, the polystyrene with 
the nano complex after the irradiation procedure 
had the highest Root mean square (RMS) rate for 
the films, with a limit of 9.10nm, as is evident in 
the table of RMS values.

The effect of UV radiation on the surface of 
PVC and polystyrene with the addition of the 

nano-inorganic complex was investigated using 
microscopic images of the polymers. The degree 
of damage on the surface of the film was shown, 
where the formation of cracks and holes resulting 
from the fragmentation and decomposition of 
the polymer was observed after 300 hours of 
irradiation in the air. The growth of cracks and 
grooves with time from UV radiation and the 
increase in the visual fragmentation of the PVC 
film, on the other hand, we note that polystyrene 
films have fewer cracks, which can be inferred as a 
preference for hot weather conditions. The reason 
for the formation of tiny cracks and grooves on the 
surface of the polymer is the result of reactions 
and shearing of the polymer chains due to 
radiation exposure, which occurs by breaking the 
pattern and bonds that produce small parts and 
fragmentation of the irradiated polymer, which 
leads to an increase in channels and voids. In the 
presence of oxygen, it spreads over most of the 
polymer and causes oxidation.

The addition of the nanomaterial stabilized the 
polymer and increased its stability, as the stability 

 

  

Diameter (nm)< Volume (%) Cumulation (%) 
55.00 21.26 21.26 
60.00 23.92 45.18 
65.00 21.26 66.45 
70.00 15.28 81.73 
75.00 
80.00 
85.00 
90.00 

6.64 
6.31 
3.65 
1.00 

88.37 
94.68 
98.34 
99.34 

100.00 
115.00 

0.33 
0.33 

99.67 
100.00 

 
  

Fig. 4. The weight loss during the irradiation time of the PVC 

Table 1. Shows diameter (nm) with percentage for cobalt nano complex.
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of the polymer exposed to radiation depends on 
the chemical composition of the material. The 
incident radiation excites the chemical system, 
so adding materials containing aromatic rings in 
their composition absorbs energy, which greatly 
increases the stability of polymers exposed to 

radiation by redistributing the excited energy 
throughout the material, especially if it is a 
nano complex containing an inorganic metal 
characterized by a high surface area. Fig. 6 
represents microscopic images of polymers 
impregnated with inorganic nanomaterials. Their 

 

 

 
 

  

Fig. 5. The AFM measurements and 3D images of the PVC and PS polymer films with the nanocomplex 
before and after irradiation for 300 hours.

No. Composite Roughness average (nm) Root mean square of roughness 
(nm) 

1 PVC+nanocomp. (Before irradiation  ) 8.83 6.22 

2 PVC+nanocomp. (after irradiation  ) 8.43 10.4 

3 PS +nanocomp. (Before irradiation  ) 5.01 6.49 

4 PS+nanocomp. . (after irradiation  ) 8.67 10.9 
 
  

Table 2. The atomic force ratios for surface roughness and root mean square of the prepared films.
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change was simple, which means that the additives 
preserved the polymer chips from changes and is 
evidence of their efficiency as optical stabilizers 
[38].

Measuring the rate of photodegradation of 
polymer films using an 8300 Shimadzu Fourier 
transform infrared FT-IR spectrophotometer 
within the range of 4000–400 cm–1. The carbonyl 
(ICO) and hydroxyl (IOH) indices were determined by 
comparing the FT-IR absorption peak at 1726 and 
3412 cm-1 reference PS, PVC with the remaining 
peaks and by monitoring the changes in the 
carbonyl and hydroxyl peaks [39, 40] as shown in 
(Fig. 7), the band index method is a designation 
of the method in question, utilizing equation 
(8,9); also, through (Fig. 8), the additives showed 
optical stability for PS and PVC through the three 
coefficients: polyene (IOP), hydroxyl (IOH) and 
carbonyl (ICO). The sequence of nano in its optical 
inhibitory effect on PVC was as follows: 

PVC < PS < PVC+ nanocomp. < PS + nanocomp.

The effectiveness of the polymeric membranes 
with the presence of cobalt nanocompact (PS+ 
nanocomp.) was better than (PVC+ nanocomp.), 
and both were better than pure PS and PVC 

polymers, as all coefficients decreased upon 
addition of the nanocomplex, especially at 
irradiation time of 300 hours. (ICO) decreased by 
0.754 and 0.482, and (IPO) decreased by 0.233 
and 0.325 when compared to (PVC and PS) alone, 
and (IOH) decreased by 0.422 only for PVC because 
PS does not contain hydroxyl groups that were 
exposed to the same Radiation conditions due 
to the increased surface area and thus increased 
ability to bind to free radicals and the ability to 
stabilize electronically, due to the large number 
of connections allowing the electronic charge to 
distribute and then dissipate outside the surface of 
the polymer after the disappearance of the effect 
(sunlight). Thus, it is not affected by environmental 
conditions such as light and heat, and this makes 
the addition ideal for increasing the stability of the 
polymer for a long time, it is clear that the addition 
is ideal for the stability of the polymer for a long 
period as the nano-additives protect the polymer 
films during exposure to ultraviolet radiation, 
absorption, or screening, peroxide analysis, and 
radical scavenger mechanisms.

The fragmentation rate of polymer films was 
measured using UV spectroscopy

The results of irradiation of PS and PVC with 

 

  
Fig. 6. The microscopic imaging of the polymers without and with the addition of the cobalt nanocomplex.
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and without the nano complex (40μm thick) are 
shown in Fig. 9, which showed low values of the 
photodecomposition rate constant (kd), which is 
subject to the first order as shown in Eq. 5.

ln ln (At − A∞ ) =ln ln (A°  −  A∞) − kdt 

 

  

  

          (5)

where: = Ao represents the absorbance of the 
polymer film containing the additive before 
irradiation, At = represents the absorbance of 
the polymer film after irradiation time, and A∞ = 
represents the absorbance of infinity [41]. Table 
3 shows the values of the photodissociation rate 
constants kd of the nano complex with PS and PVC 

 

  

 

  

Fig. 7. (a) The FT-IR spectra, (PVC-1) at time (0, 50,150,300) hours, (PS-2) at (50) hours, and (PS-3) at (0,150,300) hours polymer films 
with the nanocomplex before and after irradiation.

Fig. 7. (b) The polyene (IOP), hydroxyl (IOH), and carbonyl (ICO) coefficients with irradiation time (0-300) hours for the films 
calculated through FT-IR.
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films at 365 nm wavelength.
This means that the nano complex acted as 

a photostabilizer to inhibit the photooxidation 
process of the polymer and make it stable against 
UV rays. This is consistent with the infrared 
measurements of the coefficient values (IOP, ICO, 
IOH).

PVC > PS > PVC+ nanocomp.  > PS + nanocomp

Determination of the viscosity of the average 
molecular weight using the viscometer method

To calculate the average molecular weight, the 
“Mark-Houwink equation” shown below was used 
Eq. 6,

η =K Mv α 

  

                                                                (6)
                                                                                

Where α and K are constants that rely on the 
polymer solvents related to temperature, [η] is 
intrinsic viscosity.

The intrinsic viscosity of a polymer solution was 
measured using an “Ostwald U-tube” viscometer. 
The solutions were made by dissolving the polymer 
in benzene as a solvent (g/100 ml) at a specific 
viscosity of 25 °C [spη] was used to calculate the 

Eq. 7

[ɳsp] =  ɳre − 1  , ɳre = t/to 

  

                       (7)

Where: [ηsp] = specific viscosity, ηre = relative 
viscosity, t = the flow time of the polymer solution, 
t0 = the flow time of the pure solvent.

To convert to intrinsic viscosity, the following 
equation was used Eq. 8:

[ɳ] = (√2
C)(ɳsp − lnɳre)1/2 

  

                  (8)

 

Where: C= the concentricity of solution 
polymers (g/100 ml)

The average molecular weight of (PVC) and (PS) 
films was calculated from the intrinsic viscosity 
equation (6) dissolved in tetrahydrofuran (THF) 
solution.

[ɳ] = 11.8 × 10−4  Mv
  0.73  

 

                                  (9)

The changes of Mυ with irradiation time for 
PVC and PS films during the presence of the nano 

)1-(hdk samples 
112*10-4 PVC 

24*10-4 PVC+ nanocomp. 

71*10-4 PS 

21*10-4 PS+ nanocomp. 

 
  

Table 3. Values of the photodissociation rate constants 
of the nanocomplex were added to PS and PVC films at a 
wavelength of 365 nm.

 

  
Fig. 8. The change of ln (At-A∞) with irradiation time for PVC and PS films.
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complex can be found in Table 4.
The decomposition of the films in Fig. 10 was 

followed without and with the addition of the 
viscosity ratio calculation of the molecular weight, 
where the results showed a decrease in the 
molecular weight of PVC and PS compared to the 
presence of the complex.

CONCLUSION
The new nanocomplex synthesis method easily 

without side effects and with very high efficiency 
in ultrasound waves is better than the methods 
of preparing nanocomplexes or additives used 
in previous research or non-nanocomplexes. The 
new nano complex can be used in many industrial 
applications as additives because the material is 
characterized by a lower energy gap compared to 
any micro complex and is considered a successful 
way to preserve the life of the polymer from 
breakage resulting from the effect of sunlight. 

Nanocomplex is an excellent alternative to the 
additives used to date, which are characterized by 
their small size because nanocomplex integrates 
with the organic chains in an excellent way and 
is distributed within the polymer and gives good 
results compared to nano metal oxides which 
aggregate or require the addition of another 
material to help distribute them within the 
polymer. The results showed that the prepared 
films are not affected by environmental conditions 
such as light and temperature and confirmed 
the relatively high melting points according to 
the low rate of loss of molecular weight Mv and 
the percentage of weight loss of the polymer 
films. The rate of measuring the hydroxyl (IOH) 
and carbonyl (ICO) coefficients also supports this 
conclusion. The carbonyl, hydroxyl, and polyene 
coefficients of the polymeric membranes grafted 
with cobalt nano compact were lower than the 
pure polymeric membranes, indicating that they 

 

 

Time h Sample 

300 250 200 150 100 50 0  

4931 10981 14398 21983 30463 70916 140852 PVC 

15419 19657 25125 35313 54426 90371 180225 PVC+ 
nanocomp. 

12204 16126 22184 40887 61214 80193 173246 PS 

22876 25761 37870 61781 76854 99331 173246 PS+ nanocomp. 

 

Fig. 9. The change of Mυ with the irradiation time of the films.

Table 4. The change of Mυ with irradiation time for PVC and PS films in the presence of the nano complex.
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act as optical stabilizers. The optical inhibition 
effectiveness of polyvinyl and polystyrene can be 
arranged as follows:

PVC < PS < (PVC+ nanocomp.) < (PS + nanocomp.)
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