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Abstract: Polymers are used in different applications that might be an issue for the environment. Thus,
our strategy is to create a material that can be more sustainable and last longer in use. For this purpose,
a new Schiff base was synthesized containing a triazole ring (L), which was introduced to a poly (vinyl
chloride) (PVC) chain via substitution reaction. Copper chloride was then added to the previous
compound to give the final product PVC-L-Cu. The films' resistivity to degradation under Ultraviolet
(UV) light irradiation was investigated under accelerated conditions. Fourier-transform infrared (FTIR)
spectroscopy, weight loss, and scanning electron microscopy (SEM) were used to follow the changes
after exposure to UV light. The novel Schiff base enhanced the photostability of PVC polymer
significantly in comparison to the pristine polymer.
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1. Introduction

Plastic has a great impact on our environment. They are used in different applications
ranging from domestic, construction to high tech appliances [1,2]. The disposal of these
materials can cause serious damage to our environment. However, there is no alternate, or the
alternative is very expensive to make it hard to replace with other materials. Therefore, this
problem could be solved by creating more sustainable materials that last longer under working
conditions [3-5]. PVC, in particular, is a very important polymer in terms of industrial
applications. It has been a part of many industries such as pipes, construction, medical
appliance, doors, windows shutters, furniture, etc. One of the drawbacks of PVC is that
suffering from degradation under UV light, which affects its performance under working
conditions [6-10]. For this reason, PVC is mixed with other materials to enhance its
performance and increases its lifetime. Although some additives to polymers could represent a
solution, sometimes these additives can leak out to the surrounding causing other problems
[11-13]. Thus, a recent approach to reduce the leach of additives is by modifying the polymer,
which can serve in the same manner as additives in enhancing mechanical properties,
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increasing flexibility, flame retardancy, and UV stability [14-18]. Different materials were used
in polymers modification, such as aromatic compounds, phosphines, and metal complexes [19-
26]. Shafket et al. [27] have used ZnO to improve and photo stabilizer the polymer used in
solar cells. Also, nickel chelate compounds and ligands containing Sulphur are reported to work
as hydroperoxide decomposers for polymers to eliminate the formation of radicals [28]. Alaa
et al. have reported the use of tin-valsartan complexes with PVC in order to increase the
lifetime and stability of PVC [24]. TiO2 was used with PVC to reduce the degradation when
exposed to UV light and scatter visible light and protect the polymer's color [29]. In this work,
the newly synthesized Schiff base component was introduced PVC polymer and finally
coordinated with CuCl2. The photostability and weight loss of the modified PVC were
investigated under accelerated exposure conditions to UV light. The morphological changes
were also examined via the SEM technique.

2. Materials and Methods
2.1. Materials.

3,4-dihydroxycyclohexa-1,3-dienecarbaldehyde, carbon disulfide, hydrazine hydrate,
Ethyl cyanoacetate, ethanol, and methanol are purchased from Sigma-Aldrich, USA. Polyvinyl
chloride is purchased from Korea. All chemicals used in this work are used directly without
further purification.

2.2. Characterization.

FTIR spectra were measured using Jasco FTIR-4200 spectrophotometer in Tokyo,
Japan. The effect of the weather was conducted using QUV Acceleration weather-meter tester
supplied by Q-band company, USA. Morphological changes were examined via Inspect S50
microscope provided by FEI Company, Czech Republic.

2.3. Synthesis of cyanoacetic hydrazide (2).

In cold methanolic solution, 0.01 mole of ethyl cyanoacetate was dissolved and add to
0.01 mole of hydrazine hydrate in a dropwise manner. The resulted reaction mixture was left
overnight to stir at ambient temperature. The precipitate was then collected by filtration and
purified by recrystallization in ethyl alcohol to produce 2 [26].

2.4. Synthesis 3-(acetonitrile)-4-amino-5-mercapto-1,2,4-triazole (3).

The produced compound 2 (0.02 mol) is dissolved in ethanol (20-25 mL) in the
presence of the equivalent amount of 0.02 mol of KOH. Followed by adding 6 mL of CS2 to
the reaction mixture; after stirring for 15 min. the reaction mixture was stirred continuously
until the hydrogen sulfide gas was liberated. After that, 5mL of absolute ethanol was added to
the reaction mixture, followed by the filtration of the produced solid and washed with ether.
The resulted powder was dried under vacuum for 24 h. 5 mL of hydrazine hydrate (80%) was
added to potassium xanthate produced in the previous step to give a suspension then refluxed
until a homogeneous solution was formed. Coldwater was added to the filtrate. After acidifying
the solution with concentrated HCI, the product was collected, followed by recrystallization
from ethanol to get a pure product of 3 [30].

https://biointerfaceresearch.com/ 13466


https://doi.org/10.33263/BRIAC115.1346513473
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC115.1346513473

2.5. Synthesis (E)-2-(4-((3,4-dihydroxybenzylidene)amino)-5-mercapto-4H-1,2,4-triazol-3-
ylacetonitrile (4).

0.1 g of compound 3 is mixed with 3,4-dihydroxycyclohexa-1,3-dienecarbaldehyde in
a stoichiometric amount in ethanol, followed by the addition of glacial AcOH to reaction
composition. The system was refluxed for 6 hours. The resulted orange precipitate was
collected and washed with ethanol and further purified by recrystallization from ethanol to give
compound 4.

2.6. Modification of PVC with compound 4.

The Schiff base 4 (0.05 g) was dissolved in THF and then added to 0.25 g of PVC. A
few drops of pyridine were added to the previous mixture, then refluxed for 3 h. A new
modified PVC was cast onto a glass slide mold to produce a film. The film was set for 24 h on
the mold at room temperature to let the solvent evaporate. The films were of 40um as a
thickness.

2.7. Preparation of PVC-ligand-Cu(ll) complex films.

0.6 g of the freshly modified PVC was dissolved in a minimum amount of THF. 0.1 g
of copper chloride was added and reflux for 3 h. The final product, PVC-L-Cu, was cast on a
glass slide. The film was left at ambient temperature to give a homogenous film.

2.8. Exposure to UV light.

The prepared films of pure and modified PVVC samples were exposed to UV light (QUV
tester with Amax Set at 313nm was used in exposure experiments), the light intensity was fixed
at 6.43 x 107° ein-dm3-s7L. All samples are exposed for different time intervals up to 300 h.

3. Results and Discussion

The synthesis of the active compound 4 is shown in Scheme 1. In the first reaction of 1
with hydrazine hydrate in a cooled methanolic solution to give a white powder of 2 with a yield
of 56%
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Scheme 1. Schematic diagram on the synthesis route of compound 4.
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And the melting point of 108-109 °C. The structure was characterized by FTIR
spectroscopy via Jasco FTIR-4200 Spectrophotometer at 4004000 cm™ (KBr disc). Some
significant absorption is used to confirm the structure of 2, 3340-3183, and 3112 cm
stretching’s are attribute to NH2 and NH, respectively. The absorption band at 2980-2936 and
1681 cm-1 correspond to CH and C=0, respectively. The second step is to produce the Schiff
base compound via the reaction of 2 with hydrazine. A white powder appears in 48% yield
with a decomposition temperature of 307 °C. FTIR absorption frequencies at 3233-3108 cm
due to NH2 Stretching. The FTIR spectra show the appearance of a new absorption band at
1586 and 789 cm attributed to the C=N and C-S groups, respectively. Also, it confirms the
disappearance of the NH band due to the formation of the Schiff base. The last reaction includes
the attachment of 3,4-dihydroxycyclohexa-1,3-dienecarbaldehyde to compound 3 in the
presence of glacial acetic acid as a catalyst under reflux for 6 h. the final product 4 was collected
as an orange precipitate in a yield of 60% with a melting point of 190-191°C. From FTIR
spectra, it is clear that the NH2 absorption band has vanished completely in addition to the
appearance of new absorption bands at 3102, 2844-2921, and 1503 cm™ attributed to C-H
(arom), C-H (ali), and carbon double bond of the newly introduced aromatic ring to the Schiff
base structure.

Polymers having a side group capable of undergoing a substitution reaction provide a
suitable platform to alter the original properties of the polymer towards more desirable
characteristics to be used in a different application or in a sustainable manner. Scientists exploit
this feature in PVC to modify it by introducing anchoring aromatic or heterocyclic units via
chlorine's displacement reaction [23]. The substation reaction of the facial chlorine atom on the
PVC chain occurs via SN2 mechanism. The suggested structure of the modified PVC is
presented in figure 1. The modification of the P\VC was confirmed by FTIR. For PVC-L, a
number of significant absorption bands appear at 2915 and 1413 cm™ attributed to (C—H)
stretching and (C—H) bending of -CH2—, respectively. 621 cm™ due to (C—CI) stretching and
stretching vibration at 1581 cm™ corresponding to (CH=N).
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Figure 1. Schematic illustration of the PVC maodification.
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Figure 2 FTIR spectra before and after exposure to UV light (top, Oh; middle. 100h and bottom 300h).

The degradation of PVC upon exposure to UV light usually lead to produce small
fragments. Commonly, these fragments are oxygenated compounds of Chloroketones,
aldehydes, and chlorocarboxyic acid. FTIR spectroscopy is used in the detection of the
carbonyl functional group in the resulted compounds. Thus, FTIR technique quantifies the
original and modified PVC polymers' changes after being exposed to UV light for different
time intervals. The FTIR spectra were recorded from 0 to 300 h of UV light exposure. The
changes in absorption of the corresponding carbonyl group appear at 1719 cm™ in which the
absorption intensity increased with increasing time of exposure. The FTIR spectra of the final
modified polymer (PVC-L-Cull) is illustrated in figure 2. The frequency at 1330 cm™ attributed
to the CH group in the PVC structure was used as an internal standard to compare the results
with the newly appeared peak of the carbonyl compounds resulting from the degradation
process. The carbonyl index (lIc=o0) was calculated using the following equation:

Ac=
Ie=o = AC 2 1)
Ref
Where the Ac=o represents the area of the carbonyl group and Aret represents the area of the

internal standard (CH bond, at 1330 cm'Y).
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Figure 3. Carbonyl index under exposure to UV light.

The PVC-L-Cu film demonstrates higher resistance to UV degradation than PVC and
PVC-L due to the extra stabilization effect obtained by the ligand itself and the copper complex.
The photo stabilization effect of the PVC film after irradiation is shown in figure 3.
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Figure 4. Percentage change of pure and modified PVC films after exposure to UV light.

The previous experiment suggested that exposure to UV light can cause degradation of
PVC polymer in the form of compounds containing the carbonyl group. These results were
further investigated by measuring the differences in the specimens' weight before irradiation
and after being exposed to UV light. The samples were exposed to UV light under accelerated
conditions at a different time interval for a total of 300 h. Analytical balance was used to
measure the weight differences. The data were illustrated in figure 4. The obtained results
revealed that weight loss in polymer samples, especially pristine PVC samples, has suffered a
higher loss than modified polymers. These results showed that PVVC modification enhances the
PVC films' photostability, where less weight loss was recorded with PVC-L-Cu sample. These
data are well agreed with the FTIR experiment data, which proves that our system is working
very well in reducing the polymer's degradability under UV irradiation [31].

The morphology of pure PVC film exhibits a flat and uniform surface, as shown in
figure 5. On the other hand, PVC-L-Cu polymer demonstrates a porous surface after exposure
to UV light, as shown in figures 6,7. Such fabrication may contribute to forming a crosslinked
network resulting from the coordination of Cu on one of the polymer chains with an adjacent
ligand on another chain. In addition to the release, HCI gas resulted from the degradation
process and other vaporous compounds [32].

Pa| 0
Figure 5. Pristine PVC under SEM.
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Figure 6. Surface morphology of PVC-L-Cu under SEM after 300 h exposure to UV light (a) 200 um; (b) 100
pm and (c) 50 pm scale.

Figure 7. Surface morphology of PVC-L-Cu under SEM after 300 h exposure to UV light (a) 20 um; (b) 10 um
and (c) 5 pum scale.

In-depth SEM images analyzing showing a honeycomb-like to rounded conformations
due to the coordination crosslinking between PVC chains may be attributed to the taped
solvent's evaporation process (THF) within the polymer matrix in the preparation step [33].
The presence of Cu within the polymer matrix may support such conformations as the system
tend to be in the highest stable form. The porous nature of the polymer film increases the
surface area derived by solvent nature and polymer concentration. The elemental composition
of the final compound (PVC-L-Cu) was analyzed via the EDX technique. EDX chart shows
some significant peaks attributed to the corresponding element, as illustrated in figure 8.
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Figure 8. EDX graph for elemental composition of PVC-L-Cu film.

4. Conclusions

A simple method was applied to modify PVC with a newly synthesized Schiff base
containing 1,2,4-triazole moiety. FTIR spectroscopy was used to monitor the degradation of
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PVC via investigating the changes in carbonyl index. Also, weight loss was also used to
examine the changes in PVC after UV exposure. The results showed that the modified PVC is
much stable than the pristine PVC sample. SEM microscopy showed a honeycomb-like to
rounded conformations. Metal containing polymer was the most stable compound under UV
irradiation.
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