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 Abstract: In this study, novel Schiff base complexes with Zn(II) and Co(II) ions were 
successfully synthesized. The malonic acid dihydrazide was converted into the Schiff base 
ligand by combining it with 1-hydroxy-2-naphthaldehyde, and the last step required 
reacting it with the appropriate metal(II) chloride to produce pure target complexes. The 
generated complexes were thoroughly characterized using FTIR, 1H-NMR, 13C-NMR, GC-
mass, and UV-Vis spectroscopies. In order to photo-stabilize polystyrene (PS) and reduce 
the photodegradation of its polymeric chains, these chemicals have been used in this work. 
The efficiency of the generated complexes as photo-stabilizers was evaluated using a 
variety of techniques, including FTIR, weight loss, viscosity average molecular weight, 
light and atomic force microscopy, scanning electron microscopy (SEM), and energy 
dispersive X-ray (EDX) mapping. These tests corroborated each other and demonstrated 
how effectively new compounds stabilize PS photographs. As a result, compared to blank 
PS, they reduce the photodegradation of PS films containing these complexes after 300 h 
of exposure to UV radiation with a wavelength of 313 nm. Also, it has demonstrated how 
effective the cobalt complex is as a photo-stabilizer. The highly conjugated systems in these 
chemicals are to blame for this. 

Keywords: photodegradation; malonyl dihydrazide; photo-stabilization; polystyrene; 
Schiff base complexes 

 
■ INTRODUCTION 

Due to its distinctive qualities, polystyrene (PS) is 
regarded as one of the most significant plastics. It can 
withstand many sorts of solvents, acids, and bases and is 
highly affordable, flexible, durable, light, and transparent. 
Additionally, it is synthesized in a variety of shapes, 
including solid and foam. PS is ideal for usage in a variety 
of applications, including packaging, labeling, and varied 
technical requirements [1-2]. Plastic polymeric materials 
are employed in a variety of applications, including 
organic electronics, polymeric light-emitting diodes 
(PLED), transistors, sensors, and solar cells, as well as 
anticorrosive coatings for metals [3]. 

UV light exposure to polymer chains causes the 
chemical structure of the polymer to photodegrade by 
producing free radicals. This causes covalent connections 
within the polymer structure to break or form new ones 
[4]. All of these chemical alterations will cause changes in 

the PS material's physical, mechanical, optical, and 
morphological characteristics, such as cracking, 
staining, paint layer solidification, and altered solubility 
properties [5]. Because it contains UV light, which has 
wavelengths within the dissociation energy of many 
organic polymeric materials, the sun's light is thought to 
be the primary cause of the photodeterioration of PS 
materials used outdoors [6]. 

In the presence of oxygen molecules and sunlight, 
polystyrene polymer chains undergo an oxidative process. 
It mostly results in polymer chain breaks or new cross-
links being formed inside the polymer structure [7]. 
Typically, the polymer moieties in PS absorb photons to 
begin the process of photodegradation. Thus, the energy 
of the photons that were absorbed was sufficient to 
dissolve the covalent bonds that held the polymer chains 
together and create a free radical, which is known as the 
first stage in the breakdown of the polymer chains [8]. 
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The chemical makeup of the polymer chain can be 
changed to increase the plastic polymer's photostability. 

Even though combining UV absorber chemicals 
and/or other types of amines as photo stabilizers has 
demonstrated outstanding plastic protection, this 
fundamental technique is extremely seldom employed 
[9]. Organic UV stabilizers have been employed for a very 
long time to improve the photostability of polymers [10]. 
However, they are susceptible to degradation and 
transference inside the polymer chains themselves. Using 
them in large doses might have negative effects on safety. 
Numerous studies have utilized a variety of additives, 
including aromatics [11], Schiff bases [12], and 
organometallic compounds [13], to stabilize plastic 
polymer materials against photodegradation. Here, the 
synthesis, characterization, and effect of the new Schiff 
base complexes on the features and chemical structure of 
polystyrene films were described. 

■ EXPERIMENTAL SECTION 

Materials 

The chemicals used in this study were diethyl 
malonate (Sigma Aldrich, 99%), hydrazine monohydrate 
(Sigma Aldrich, 99%), 1-hydroxy-2-naphthaldehyde  
(Sigma Aldrich, 98%), absolute ethanol (BDH, 99%), 
CoCl2·6H2O (BDH, 99%), ZnCl2 (BDH, 98%), and 
polystyrene (Sigma Aldrich) from Gillingham, UK. 

Instrumentation 

The carbon, hydrogen and nitrogen contents were 
determined by Euro Vector EA 3000 A, and FTIR spectra 
were recorded on a Shimadzu FTIR-8100 spectrometer. 
1H-13C-NMR spectra of the ligand (L) were measured in 
d6-DMSO solvent using TMS as an internal standard on a 
Bruker 300 MHz. Using UV-1650 PC Shimadzu 
spectrophotometer were measured the electronic spectra 
at 25 °C. Electrical conductivity measurements of the 
complexes were recorded at 25 ± 2 °C for a 1 × 10−3 M 
solution of the samples in DMF using a Philips PW-digital 
conductivity meter. Magnetic susceptibility results were 
also obtained at 25 °C in the solid state by applying Gouy 
balance. The molecular weight of the prepared ligand was 
determined by a GCMS-QP2010 PLUS; DI analysis 

Shimadzu, Japan, spectrometer in the laboratory of the 
University of Samarra. Moreover, all melting point 
results were recorded on Gallen Kamp melting 
apparatus at the College of Science for Women, 
University of Baghdad. PS films were subjected to 
radiation using an accelerated weather-meter QUV 
tester that was purchased from Q-Panel Corporation, at 
25 °C, and a wavelength of 365 nm (6.43 109 ein dm−3 s−1). 
(USA, Homestead, Florida). Atomic force microscopy 
(AFM) was used to investigate the surface of PS films 
using Veeco equipment (Plainview, NY, USA). Scanning 
electron microscopy (SEM) of the PS surface was 
performed using an Inspect S50 microscope (FEI 
Corporation, Czechia, Czech Republic) and an 
accelerating voltage of 15 KV. The Meiji Techno 
Microscope was used to take minuscule images of the PS 
surface in Tokyo, Japan. PS films were placed using 
0.6 mm thick aluminum plate supports, and a Digital 
Vernier Caliper 2610A micrometer (Vogel GmbH, 
Kevelaer, Germany) was used to measure the thickness 
of the films (approximately 40 μm) (Q-Panel Company, 
Homestead, FL, USA). Look for signs of accelerated UV 
weathering. With the aid of an accelerated weather 
meter QUV tester from Philips, Saarbücken, Germany, 
PS films were subjected to QUV radiation at 25 °C. The 
films were exposed for 300 h continuously to UV light 
with a wavelength of 313 nm and an intensity of 
1.052 × 10−8 ein dm−3 s−1. Using a Digital Vernier Caliper 
2610A Micrometer, Polymeric Film Thickness was 
Measured (Vogel GmbH, Kevelaer, Germany). 

Procedure 

Preparation of polystyrene films 
Polystyrene (1.0 g) was dissolved in 16 mL of 

tetrahydrofuran (THF), and the mixture was constantly 
agitated for 1 h at room temperature to produce PS films. 
The produced metal complexes(II) were added to the PS 
of THF solution at a weight proportion of 2% (per 
polymer weight), and the mixture was agitated for an 
additional hour to ensure that the metal complexes(II) 
were completely dissolved and the mixture was 
homogeneous. After that, the excess THF was 
eliminated from the mixture by putting it on glass plates 
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of the same size and allowing it to evaporate there for 24 h. 
Plate thickness is measured using micrometers of this type 
(2610A), and one approach is to attach cardboard sheets 
to the target plates and punch holes in them that are 
3 × 2 cm in size. 

Irradiation by UV light 
It is a technique to assess the impacts of utilizing 

plastic materials outside following extended exposure to 
UV or solar radiation (for months or years). The created 
polymeric films were fastened to a support plate for UV-
B 313 light exposure. This stand has a 0.6 mm thickness 
and is made of aluminum. Constant pressure and 
temperature were used for testing the films. 

PS films' photostability is evaluated using FTIR 
An FTIR 8300 Shimadzu spectrophotometer was 

used to investigate the efficacy of using synthetic 
compounds as photo-stabilizers to slow down the 
degradation of PS films. This method was used to monitor 
the development and growth of polyene and carbonyl 
groups. Eq. (1) is used to determine the hydroxyl index 
(IOH) and carbonyl index (IC=O) of plain PS, and PS doped 
with additives. 

s
s

r

A
I

A
  (1) 

Hence for the peak absorption intensity of the functional 
group, As is used, whereas Ar is used for the reference 
group. Is, on the other hand, refers to the functional group 
index [14]. 

Test of the photostability of PS films using a diet plan 
Weighing was done on the polymeric PS films used 

in this process both before and after UV exposure. This 
method was carried out for both blank and mixed PS 
films, and the PS weight reduction was calculated using 
Eq. (2). 

0

0

W W
Weight loss % 100

W


   (2) 

Before radiation exposure, the PS film weighed W0, and 
after radiation exposure, the PS film weighed W [15]. 

Calculating the average molecular weight of the PS 
polymeric sheets (MV) 

The average molecular weight (MV) of PS films  
 

before and after irradiation, as well as for blank and 
mixed PS films, may be calculated by measuring the 
viscosity of the polymer. The viscosity of PS with and 
without synthesized complexes was measured at room 
temperature using an Ostwald U-tube viscometer with 
THF as the solvent. MV denotes the average molecular 
weight of PS. Eq. (5) was used to obtain the average 
molecular weight of PS [16], whereas Eq. (4) was used to 
estimate the intrinsic viscosity [η]. 

 
1
2sp rel2 ln

c

         (4) 

2 0.766
v1.63 10 M      (5) 

In addition, Eq. (6) was used to estimate the specific 
viscosity (ηsp), and Eq. (7) to estimate the relative 
viscosity (ηrel). 

sp re 1     (6) 

re
0

t
t

   (7) 

As a result, the polymer solutions' flow time is given by 
t, while the solvent's flow time is given by t0 [17]. 

Synthesis of malonic acid dihydrazide 
Making malonic acid dihydrazide is the first step in 

the ligand synthesis procedure, as described here. At 
room temperature, 10 g of diethyl malonate (0.062 mol) 
was dissolved in 10 mL of ethanol and stirred. Add 
dropwise of aqueous hydrazine (10 g, 0.124 mol) with 
continuous stirring followed by 6 h of refluxing the 
reaction before stopping and allowing it to cool to room 
temperature. The precipitate was washed with dry ether 
and methanol after the generated residue was filtered. A 
white precipitate with an 80% yield (7.1 g) was produced 
by recrystallizing the product in absolute ethanol at a 
temperature of 159 °C. This illustrates the manufacture 
of malonic acid dihydrazide [18] in Scheme 1. 

 
Scheme 1. Preparation of Malonic acid dihydrazide 
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Synthesis of a Schiff base ligand 
Malonic acid dihydrazide solution (1.0 g, 

0.0075 mol), in 10 mL of methanol was produced. Slowly 
while stirring, 2-hydroxy-1-naphthaldehyde (2.6 g, 
0.015 mol) was added. The reaction mixture was then 
given a final addition of a few drops of glacial acetic acid. 
The combination was allowed 5 h to react in a reflux 
environment, at which point a glossy yellow precipitate 
was generated. This precipitate was recovered by filtering, 
cleaning, and recrystallizing in hot ethanol. See Scheme 2 
for the reaction scheme. The product was dried over 
anhydrous CaCl2 in a vacuum to provide 80% (2.88 g) 
yield, m.p. 230–234 °C. 

Synthesis of Schiff base metal complexes 
The zinc complex was synthesized by dissolving zinc 

chloride dehydrate (0.2 g, 0.001 mol) in 10 mL methanol 
and dissolving the synthesized ligand (0.5 g, 0.001 mol) in 
10 mL methanol with continuous stirring for about 
10 min and adding a few drops of DMF to complete 
solubility, followed by adding the solution of the dissolved 
metal salt onto a solution of the dissolved ligand in the 
mole ratio 1:1 of metal:ligand. In order to precipitate, the 
mixture was agitated under reflux for 5 h. The colorful 
complexes were filtered apart, cleaned with methanol, 
recrystallized, and allowed to dry for 24 h at room 
temperature. Cobalt complex (CoCl2·6H2O) was prepared 
using the same procedure as shown in Scheme 3 with a 
good percentage yield see Table 1. 

■ RESULTS AND DISCUSSION 

Two steps were taken to synthesize the ligand. 
Diethyl malonate and two moles of aqueous hydrazine 
monohydrate were initially combined to create malonic 
acid dihydrazide. By recrystallization from absolute 
ethanol, the raw product was purified. Two moles of 2-
hydroxy-1-naphthaldehyde were added to the pure  
 

 
Scheme 3. Preparation of Schiff base metal complexes 

 
Scheme 2. Preparation of Schiff base ligand 
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product to create the target ligand, which was then 
recrystallized and further purified. Eventually, by reacting 
it with the appropriate metallic chloride, the obtained 
ligand was employed to create five new complexes. Table 
1 lists the percentage yields and physical characteristics of 
the produced compounds. As will be discussed in more 
detail in the following sections, several methods were 
utilized to characterize the chemical structure of 
synthesized materials. 

Characterization by Element Micro Analysis 

Element micro analysis C, H, N, and X was 
performed, and it was discovered that the actual findings 
matched the theory, as given in Table 2. Metal salts were 
utilized in a 1:1 reaction of ligand and metal, and all of the 
complexes were determined to be non-electrolytes by 
their molar conductivities. 

Characterization of Schiff Base Ligand by 1H-NMR 
Spectroscopy 

Using 1H-NMR spectroscopy, the chemical 
composition of the produced ligand was examined. As a 
result, as shown in Fig. 1, the 1H-NMR spectrum exhibits 
the necessary peaks at the appropriate habitats, 
integrations, and multiplicity to disclose the chemical 
structure of the ligand. Due to the structure's two 
symmetrical imine groups, the proton of the imine group 
(N=CH) produces a strong, crisp singlet signal at 
8.43 ppm. At chemical shifts of 10.88 and 8.11 ppm,  
 

respectively, the exchange protons of NH and OH 
groups have displayed singlet peaks. Due to its proximity 
to the carbonyl group, which is responsible for the de-
shielding of protons, it is assumed that the 10.88 ppm in 
question belongs to the NH group. On the other hand, 
the protons of aromatic areas exhibit peaks in the 
aromatic region with sufficient integration, which is 
between 7.15 and 7.69 ppm. Due to its proximity to two 
carbonyl groups, the CH2 group finally displayed a 
singlet peak in the aliphatic region at 3.07 ppm. Given 
everything mentioned above, it can be concluded that 
the ligand has been effectively synthesized with a high 
degree of purity. Table 3 provides a summary of the 
synthesized ligand's 1H-NMR data. 

Characterization of Schiff Base Ligand by 13C-NMR 
Spectroscopy 

Using 13C-NMR spectroscopy, the chemical 
composition of the produced ligand was identified. 
Hence, as shown in Fig. 2, the 13C-NMR spectrum 
exhibits the necessary peaks at the appropriate habitats 
to illustrate the chemical structure of the produced 
ligand. The imine group's carbon atom N=CH produces 
a peak at 148.10 ppm, where Schiff base groups are the 
spouse. Nevertheless, because oxygen has a greater 
electronegativity than nitrogen, which results in more 
de-shielding, carbonyl groups exhibit a peak at 167.11 
ppm. Nevertheless, there is still a peak at 157.37 ppm 
above the  aromatic area,  which may be  due to aromatic  

Table 1. The physical properties of the prepared compounds 
Compound formula Color m.p. (°C) M.Wt (g∕mol) Yield% 

Ligand Yellow 230–234 440.36 80 
[CoLCl2]·2H2O Brown 245–248 606.32 72 
[ZnLCl2]·H2O Yellowish 242–246 594.75 83 

Table 2. The Element micro analysis C, H, N, and X of the prepared compounds 
 Calculated (Analysis) 

C % H % N % X% M % 
L 

C25H20N4O4 
68.17 

(67.53) 
4.58 

(5.62) 
12.72 

((11.94) 
--- -- 

Complex Co 
[CoLCl2]·2H2O 

49.52 
(50.30) 

3.99 
(3.05) 

9.24 
(8.79) 

11.69 
(10.53) 

9.72 
(10.16) 

Complex Zn 
[ZnLCl2]·H2O 

50.49 
(49.65) 

3.73 
(3.09) 

9.72 
(10.69) 

11.92 
(12.73) 

10.99 
(11.01) 
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Fig 1.1H-NMR spectrum of synthesized ligand 

Table 3. 1H-NMR data of synthesized ligand 
Compound 1H-NMR 

Ligand 
δ/ppm = 3.07 (2H, CH2), 7.15 (s, 2H, Ar-H), 7.20–7.32 (m, 4H, Ar-H), 7.47 (s, 2H, Ar-H), 
7.60–7.69 (m, 4H, Ar-H), 8.11 (s, 2H, OH from the phenolic proton), 8.43 (s, 2H, HC=N 
azomethine), 10.88 (s, 2H, NH) 

 
Fig 2. 13C-NMR spectrum of synthesized ligand 

 
carbon atoms positioned near oxygen. As a result, the 
aromatic area, which is between 112.79 and 135.89 ppm, 
exhibits nine peaks in the carbon atoms. Lastly, because it 
is located close to two carbonyl groups, the CH2 group 

displayed a peak at 48.89 ppm in the aliphatic area. 
Given everything mentioned above, it can be concluded 
that the ligand has been effectively synthesized with a 
high degree of purity. Table 4 provides a summary of the  
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synthesized ligand's 13C-NMR data. 

Characterization of Schiff Base Ligand and Its 
Complexes by FTIR 

In order to identify the functional groups and the 
development of new bands in the produced compounds, 
FTIR is a useful technique [19]. The complexes formed by 
the ligand and their FTIR spectroscopy data are shown in 
Table 5. The tetradentate Schiff base ligand exhibits a 
sharp band at 3109 and 1596 cm−1, which are ascribed to 
ν(C–H)Ar and (C=C), respectively. Around 1613 cm−1, 
the stretching band of the azomethine group was 
identified as a strong band. As a result of the nitrogen 
giving electrons to the partly full d-orbitals of the metal 
ions, the coordination of the metal ions to the nitrogen 
azomethine causes a shift-up in the frequency of the C=N 
value [20]. The complexes' FTIR spectra display 
distinctive lines at 1613–1623 cm−1, indicating that the 
metal ions coordinate with the ligand through the 
nitrogen atom of the azomethine compound [21]. In the 
FTIR spectra of the ligands, a significant band at 3409–

3479 cm−1 is produced by the stretching vibrations of the 
phenolic hydroxyl group. The broadness is due to 
intermolecular hydrogen bonding between the phenolic 
and azomethine groups. The far-infrared spectra of the 
complexes showed new stretching modes at 422–476, 
526–611, and 312–314 cm−1, which are attributed to M–
N, M–O, and M–Cl, respectively [22]. These stretching 
modes provide evidence for the formation of bonds 
between the divalent metal ions and the nitrogen 
azomethine, hydroxyl group, and chloride, respectively. 
The results mentioned previously are displayed in Fig. 
S1 to S3. 

Characterization of Schiff Bases Ligand and Its 
Complexes by UV-Vis 

Electronic spectra of L and their complexes were 
recorded in DMF solution at room temperature in the 
range of 200–1100 nm. The obtained data were 
presented in Table 6. The UV-Vis spectra of the Schiff 
base base ligand revealed two strong intensity absorption 
peaks at 309 and 351 nm ascribed to intra-ligand π–π* and 

Table 4. 13C-NMR data of synthesized ligand 
Compound 13C-NMR 

Ligand 
δ/ppm = 48.89 (1C, CH2), 112.79, 123.15, 124.19, 126.44, 127.61, 128.14, 
129.49, 131.47, 135.89 (18C, Ar naphthalene), 148.10 (2C, CH=N azomethine 
group), 157.37 (2C, Ar-OH) and 167.11 (2C, C=O) 

Table 5. FTIR spectroscopy measurements of ligand and their complexes 

Symbol O-H 
phenol N-H C-H 

Ar 
C-H 
Alp C=O C=N C=C M-O M-N M-Cl 

Ligand 3409 3330 3109 2889 1700 1613 1596 --- --- --- 
[CoLCl2]·2H2O 3479 3355 3110 2893 1702 1623 1598 611 422 314 
Zn 3479 3359 3053 2925 1703 1620 1577 526 476 312 

Table 6. UV-Vis spectroscopy measurements of ligand and molar conductivity of metal complexes 

Compound 
λmax 

(nm) 
Absorption 

(cm−1) Assignments 
μeff (B.M)  

Exp (Theory) 
Molar Cond. 

Ohm−1 cm2 mol−1 Geometry 

Ligand 309 
351 

32362.4 
28490.0 

π→π* 
n→π* 

-  
 

 

[CoLCl2]·2H2O 412 
582 
640 

24271.8 
17182.1 
15625 

C.T 
4T1gF→4T1gp 

4T1gF→4A2g(F) 

3.36 
(3.782) 

18 Octahedral 

[ZnLCl2]·H2O 410 
435 

24390.2 
22988.5 

CT 
M→L 

Di 12 Octahedral 
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n–π* transitions of azomethine and carbonyl, respectively 
[23]. Changes in the positions of absorption bands were 
observed in the spectra of the complexes indicating the 
coordination of the metal ions through the azomethine 
and hydroxyl phenol functional groups [24], Fig. S4. The 
electronic spectrum of the Co(II) complex in DMF gave 
bands about 412, 582, and 640 nm, respectively assigned 
to charge transfer and 4T1g(F) → 4T1g(p) and 
4T1g(F) → 4A2g(F). The magnetic moment of 3.63 BM and 
the detected electronic spectrum of the Co(II) complex 
give the probability of the formation of high-spin 
octahedral geometry [25], Fig. S5. The electronic spectra 
of the d10 Zn(II) complex exhibited a charge transfer band 
at 410 and 435 nm [26], Fig. S6. The molar conductivities 
indicate that all the prepared complexes are non-
electrolyte complexes. 

Characterization of Schiff Base Ligand by Mass 
Spectroscopy 

The molecular weight of the formed compound is 
calculated using the mass spectrum, and the 
fragmentation that belongs to the compound under 
investigation is identified. The mass spectra of the 
produced Schiff base ligand were in agreement with the 
suggested structural formula, C25H20N4O4. The predicted 
M+ value (440.36), as shown in Fig. 3, is matched by the 
molecular ion peak, which was discovered at m/e 440, 
validating their formula weight for the ligand. As it was 
successively fragmented, new unique peaks for the ligand  
 

were visible in the mass spectra. 

Examine How Well Synthesis Compounds Work as 
PS Photo Stabilizers 

It is well known that aromatic compounds, in 
general, have a high capacity to absorb light across a 
broad range of the ultraviolet spectrum and transform it 
into harmless heat without changing the chemical 
composition of the medium's content. This decreases the 
medium's photolysis capacity, increases its age when 
used externally, and provides protection from sunlight 
[27-28]. 

Using this information as a foundation, several 
techniques were used to assess the efficacy of synthesis 
complexes as optical stabilizers for PS films, including 
measuring the increase in the intensity of active groups 
formed as a result of irradiation, estimating the 
percentage of weight loss, and researching the surface 
formation of polymeric films. 

Use the FTIR Method to Examine the PS 
Photodegradation Rate 

By monitoring FTIR spectra in the range of 400–
4000 cm−1, the PS polymer film's level of 
photodegradation was kept track of locating the wide 
hydroxyl band between 3500 and 3200 cm−1 and the 
carbonyl adsorption band C=O at 1720 cm−1, which are 
created as a result of irradiating the films. Due to the 
presence of the unsaturated group in the chemical makeup 

 
Fig 3. Mass spectrum of L 
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of the polymer and the difficulty in differentiating 
between them, the alkene group C=C was not followed up. 
Every 50 h of exposure time, changes in the carbonyl band 
C=O and hydroxyl OH intensity were seen, and Eq. (1) 
was applied as illustrated in Fig. S7 and S8. To track the 
growth in photolysis. 

Accordingly, these beams were used to compare the 
absorption values of the standard absorption beam 
1340 cm−1, which is regarded as standard because it is 
unaffected by UV light, with the values of the standard 
absorption beam in order to determine the extent of 
polymer degradation during irradiation [29-30]. As a 
result, the absorbance (index) values of the hydroxyl and 
carbonyl groups were examined to assess the 

photodegradation, as illustrated in Fig. 4 and 5. The data 
and values in Tables 7 and 8 show that, in comparison to 
PS without additives, doping with synthesis complexes 
decreased the increasing rate of the IOH and IC=O indices 
with increased irradiation duration. The conclusion is 
that all additives serve as optical stabilizers for PS films, 
with Co(II) complex serving as the most effective one. 

Investigate the Photodegradation Rate of PS 
Using the Weight Loss Method 

The percentage weight loss of the photodegraded PS 
films following irradiation was used to calculate the photo 
stabilization effectiveness of the synthesis complexes. 
This causes weight  reduction, which is  calculable using  

 
Fig 4. Index of carbonyl group IC=O for both pure PS and PS doped with stabilizers 

 
Fig 5. Index of hydroxyl group IOH for both pure PS and PS doped with stabilizers 

Table 7. IC=O data for pure PS and PS doped with stabilizers during the irradiation time 

PS films 
Irradiation time (h) 

0 50 100 150 200 250 300 
PS 0.010 0.070 0.100 0.120 0.150 0.180 0.200 
PS/Zn 0.010 0.024 0.037 0.058 0.079 0.120 0.152 
PS/Co 0.010 0.022 0.040 0.050 0.082 0.110 0.125 
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Table 8. IOH data for both pure PS and doped PS during the irradiation period 

PS films 
Irradiation time (h) 

0 50 100 150 200 250 300 
PS 0 0.040 0.082 0.100 0.130 0.160 0.180 
PS/Co 0 0.0150 0.030 0.050 0.070 0.090 0.110 
PS/Zn 0 0.017 0.040 0.050 0.072 0.109 0.125 

 
Eq. (2). Fig. 6 shows that when the irradiation period is 
increased, polystyrene steadily loses weight [31]. 
Nevertheless, compared to the undoped PS films, there was 
less weight loss in the doped PS films. The findings in Table 
9 show that the cobalt complex was the most effective. 

PS Stabilizing Study Using the Variance in the 
Average Molecular Weight 

The primary chains of PS's polymeric structure are 
reportedly disrupted by photodegradation, which lowers 
the substance's average molecular weight [32]. The 
average molecular weight of PS after exposure to radiation 
is examined in this section, along with its differences from 
PS without additions. After being exposed to UV light, the 
PS solution's viscosity was measured, and the average 
molecular weight (Mഥ v) was determined. Using THF as a 
suitable solvent to dissolve the PS, the viscosity of the 
irradiation PS was evaluated using a viscometer at various 

time intervals. Fig. 6. plots the MV of PS vs the 
irradiation time. It is clear that the molecular weight 
decreases with longer irradiation times for both blank 
and mixed PS. The decrease for bare PS is, however, 
more severe than it is for PS that contains stabilizers Fig. 
7 and Table 10. 

Study of the Produced PS Films’ Surfaces 

The study of how polymer surfaces develop reveals 
details on the crystalline state, surface regularity, and 
flaws brought on by photons of light interacting with 
polymer molecules [33]. Based on this, the mechanism 
of photolysis and fission of the polymeric chains was 
identified. The surface morphology and stability of the 
polymers were also observed following exposure to UV 
light. Prior to and following irradiation, the surface 
formation of pure PS and PS doped with aromatic Schiff 
base complexes was investigated using SEM and AFM. It 

 
Fig 6. Weight loss % for both pure PS and PS doped with stabilizers 

Table 9. Weight loss% data for both pure PS and doped PS during the irradiation period 

PS films 
Irradiation time (h) 

0 50 100 150 200 250 300 
PS 0 1.04 1.56 1.90 2.20 2.50 3.10 
PS/Zn 0 0.63 1.04 1.25 1.58 1.71 2.01 
PS/Co 0 0.59 0.99 1.15 1.49 1.63 1.80 
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Fig 7. Average molecular weight for both pure PS and PS doped with stabilizers 

Table 10. Effect of irradiation on the average molecular weight (Mഥv) of Ps films 

PS Films 
Irradiation time (h) 

0 50 100 150 200 250 300 
PS 352546 274355 200044 177254 159519 121284 96972 
PS/Zn 353254 298685 277219 249244 214574 201154 165750 
PS/Co 353244 315385 293219 266244 243874 220254 186650 

 
provides crucial details on how radiation affects the PS 
surface. 

Using Microscopic Images to Examine the Surface 
of PS Films 

Prior research [34] demonstrated that before being 
exposed to radiation, the polymer's surface had a smooth 
texture and just a few small fractures. In contrast, the 
polymer's exposed surface exhibits photodegradation of 
the polymer chains in the form of many fractures, 
increased roughness, and a darker hue. This may be 
caused by the radiation's influence on tiny volatile pieces 
with a low molecular weight. The microscopic imaging 
method was utilized to acquire microscopic images of the 
PS films' surface following irradiation in order to monitor 

the deterioration of the films. The microscopic pictures 
of pure polystyrene before and after irradiation are 
shown in Fig. 8. Following 300 h of radiation exposure, 
the pictures demonstrate the formation of large black 
blotches, as illustrated in Fig. 8(b). 

Fig. 10 displays microscopic images of synthetic 
material-doped polystyrene sheets. Little dark patches 
are seen on the film surfaces, notably for films doped 
with Zn complex, as shown in Fig. 9(a). The surfaces of 
the films are brighter and smoother when they are 
blended with the Co complex, as shown in Fig. 9(b). This 
demonstrates the efficiency of synthetic materials and 
their capacity to impede photodegradation by blocking 
the damaging effects of light on polystyrene films. 

 
Fig 8. Microscopic images of blank PS film (a) before and (b) after irradiation 
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Fig 9. Microscopic images of blend PS films after irradiation (a) Zn(II) and (b) Co(II) 

 
Fig 10. SEM-EDX mapping of blend PS films after irradiation (a) Zn(II) and (b) Co(II) 

 
Energy Dispersive X-ray (EDX) Mapping with 
Scanning Electron Microscopy (SEM) 

Using EDX mapping of doped PS films and SEM, 
the distribution of generated complexes on the polymeric 
surface was investigated. This method was utilized to 
provide specifics on the elemental composition of solid 
surfaces for PS films combined with synthetic chemicals 
[35]. It is common practice to use EDX in conjunction 
with SEM to determine the chemical composition of 
manufactured films. The SEM images and EDX mapping 
of doped films by those complexes, as shown in Fig. 10, 
illustrate the elemental makeup of the produced 
complexes and their homogenous distribution inside the 
polymeric chains. 

An Atomic Force Microscope (AFM) Is Used to 
Display the Photostability of Polystyrene Films 

The surface morphologies of PS films were 
investigated using the AFM method. Due to its ability to 
scan both two- and three-dimensional topography, it is an 
effective microscopy instrument for examining surface 
data at the nanoscale. AFM may be used to assess the PS 

surface's features and roughness. The root mean square 
roughness (Sq), one of the dispersion variables used to 
assess surface roughness, is derived by first square-
rooting each height value in the dataset. Surface 
skewness is a measurement of the asymmetry of the 
surface's deviation from the mean plane. Radiation 
exposure to PS for an extended period of time causes a 
rough and cracked surface. Topographic AFM pictures 
of the surface of the PS films in two and three 
dimensions after 300 h of radiation exposure 
demonstrate that the root mean square (Rq) and 
roughness average have significantly risen, going from 
0.639 nm (before radiation) to 2.35 nm (after radiation), 
as shown in Table 11. This is brought on by the 
photodegradation that radiation exposure causes to PS's 
chemical structure. Fig. 11 shows AFM images of 
untreated PS taken both before and after it was exposed 
to UV light. 

In contrast, employing synthetic additives 
increased the surface roughness of PS following 
irradiation compared to untreated PS, as seen in Table 
11. Hence,  PS films with Co(II)  doping exhibit  the least  
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Table 11. Roughness data for blank and blended PS films 
Films Roughness average (nm) Root mean square (Sq) (nm) 
Blank PS before irradiation 0.639 0.956 
Blank PS after irradiation 2.35 3.89 
Zn(II) 2.33 3.29 
Co(II) 1.99 2.52 

 
Fig 11. AFM images of PS films (a) before and (b) after irradiation at 300 h 
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Fig 12. AFM images of blend PS films after irradiation (a) Zn(II) and (b) Co(II) 

 
photodegradation and roughness, with Sq values of 
2.52 nm. The addition of stabilizers significantly 
improved the photostability of PS films. Fig. 12 compares 
the irradiation-blended PS films with additives with the 
blank PS film in terms of surface homogeneity, 
smoothness, and roughness. In an AFM picture, the 
distance between peaks and valleys is frequently used as a 
proxy for surface roughness. The AFM technology uses 
this method to calculate the surface's roughness, which 
rises with distance. The Sq is believed to be more sensitive 
than the average roughness for large excursions from the 
mean line or plane. The PS film with cobalt complex 
doping had the lowest Sq value and roughness associated 
with photodegradation. Each of the aforementioned 
experiments supported this finding, showing that the 
cobalt complex is the best additive for PS-doped film to 
stop photodegradation. It is not totally clear what the 
reason is, therefore, more investigation may be required. 

■ CONCLUSION 

This work led to the effective synthesis of new Schiff 
base complexes, including Zn(II) and Co(II) complexes. 
In order to create pure target complexes, the malonyl 
dihydrazide had to first be combined with naphthaldehyde, 
and then it had to be reacted with the metal(II) chloride. 
The generated complexes were thoroughly characterized 
using FTIR, 1H-NMR, 13C-NMR, mass, and UV-Vis 
spectroscopies. In this study, a number of chemicals were 
used to photo-stabilize polystyrene (PS) and reduce the  
 

polymeric chains' photodegradation. The efficiency of 
the created complexes as photo-stabilizers was evaluated 
using a variety of techniques, including FTIR, weight 
loss, viscosity average molecular weight, light and AFM, 
SEM, and EDX mapping. These tests corroborated each 
other and demonstrated how effectively the new 
compounds stabilized PS pictures. They reduce the 
photodegradation of PS films containing these complexes 
compared to blank PS after 300 h of UV exposure. It has 
also shown the potency of the cobalt complex as a photo-
stabilizer. These compounds' highly conjugated systems 
are to fault for this. As plastic waste constitutes a serious 
danger to the environment, particularly the marine 
ecosystem, the study's findings have significant 
implications for reducing PS usage globally. 

■ SUPPORTING INFORMATION 

Fig. S1 FTIR spectrum of Schiff Base ligand, Fig. S2 
FTIR spectrum of Co(II) complex, Fig. S3 FTIR 
spectrum of Zn(II) Complex, Fig. S4 UV-Vis Spectra of 
ligand, Fig. S5 UV-Vis Spectra of Co(II) Complex, Fig. 
S6 UV-Vis Spectra of Zn(II) Complex, Fig. S7 FTIR 
spectrum of polystyrene before irradiation, Fig. S8 FTIR 
spectrum of polystyrene after irradiation. 
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