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Abstract
A Schiff base containing the 1,2,4-triazole moiety was synthesized and added to polystyrene at low concentration for a 
homogenous blend. The polystyrene film was irradiated with ultraviolet light and the surface morphology was analyzed. 
Micrographs of the polystyrene/Schiff base blend after irradiation indicated the fabrication of a terrestrial crack-like mate-
rial. This was ascribed to the presence of the Schiff base, relatively long irradiation time, and photostability induced by the 
base. After irradiation, the blank polystyrene film formed a cotton-like fibrous material.
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Introduction

Polystyrene (PS) is a typical plastic used in applications such 
as food packaging [1]. PS can be mixed with additives or 
colorants to be used in toys, electronics, and appliances [2, 
3]. PS is inert and resists both alkaline and acidic environ-
ments; moreover, it has low production cost and low weight. 
PS is used in various commercial applications [4]. The crys-
tallinity of PS is dependent on the arrangement of phenyl 

moieties along the polymer chains [5]. The most common 
types of PS are atactic and syndiotactic. The first one has 
amorphous structure where the phenyl groups are randomly 
arranged and is commercially important [1]. The syndiotac-
tic PS is crystalline where the phenyl groups alternatively 
arranged on both sides of the polymer chains [1]. PS is not 
biodegradable, and deteriorates under prolonged exposure to 
sunlight. Therefore, its mechanical, physical, and chemical 
properties require improvement for it to last longer, particu-
larly in outdoor applications.

The photodegradation of PS in the presence of oxy-
gen causes deterioration of both, mechanical and physical 
properties; this leads to discoloration, crack formation, and 
brittleness [6, 7] Additives to the PS matrix can enhance 
the photostability of the polymeric chains against photo-
irradiation. Colorants, stabilizers, and plasticizers can act as 
UV absorbers and stabilizers, and therefore protect PS upon 
exposure to irradiation [8, 9]. Various PS additives contain-
ing aromatics [10], heterocycles [11], and metal complexes 
[12] have been used to reduce the rate of photodegradation. 
Such additives act as flame retardants, antioxidants, quench-
ers, UV absorbers, and radical scavengers [13–17].

Herein, the successful fabrication of an ordered porous PS 
material doped with a Schiff base containing the 1,2,4-tri-
azole moiety, after irradiation with ultraviolet light (UV) 
for 300 h was reported. The Schiff base chosen is novel, 
easy to synthesize, highly aromatic and incorporates phe-
nyl, benzyl, a meta-substituted aryl ring, and 1,2,4-triazole, 
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which provide all the necessary elements for a good photo-
stabilizer. Heterocycles containing the 1,2,4-triazole moiety 
have various biological activities [18–21]. The Schiff base 
enhances the photostability of PS against photodegrada-
tion that is a continuation of previously reported work in 
the area of polymers [22–33]. The elemental composition 
of the PS films was measured by energy-dispersive X-ray 
(EDX) spectroscopy, and the surface morphology was ana-
lyzed by scanning electron microscopy (SEM) and atomic 
force microscopy (AFM).

Materials and methods

General

PS, chemicals and reagents were obtained from the Sigma-
Aldrich Chemical Company (Gillingham, UK) and used 
without further purification. Fourier transform infrared 
(FTIR) spectra were recorded on a Jasco FT/IR-4200 spec-
trometer (Tokyo, Japan). The Varian Mercury-300 spectrom-
eter (Varian, Mundelein, Illinois, USA) was used to record 
proton nuclear magnetic resonance (1H NMR) spectra. The 
morphology of the PS films was examined with an Inspect 
S50 microscope (FEI Company, Czech Republic). Bruker 
 XFlash® 6|10 (Bruker, Tokyo, Japan) was used to measure 
the EDX patterns. Atomic force microscopy (AFM) of the 
PS was inspected using Veeco instrument (Plainview, NY, 

USA).

Synthesis of (E)‑ethyl 2‑[(4‑(benzylideneamino)‑5‑p
henyl‑4H‑1,2,4‑triazol‑3‑ylthio]acetate (2)

Ethyl 4-chloroacetoacetate (0.74 g, 4.5 mmol) was added to 
a solution of 1 (0.84 g, 3.0 mmol) in ethanol (20 mL) con-
taining  K2CO3 (0.41 g, 3.0 mmol). The mixture was reflexed 
for 3 h and the solid obtained was filtered and recrystallized 
from ethanol to give 2.

Synthesis of (E)‑2‑[(4‑(benzylideneamino)‑5‑phenyl‑
4H‑1,2,4‑triazol‑3‑ylthio]acetohydrazide (3)

Hydrazine hydrate (0.37 g, 11.0 mmol) was added to a solu-
tion of 2 (2.56 g, 7.0 mmol) in ethanol (25 mL). The mixture 
was refluxed for 3 h and the solid produced was filtered and 
recrystallized from ethanol to give 3.

Synthesis of (E)‑2‑{(4‑[(E)‑benzylideneamino]‑5‑
phenyl‑4H‑1,2,4‑triazol‑3‑ylthio}‑N’‑(3‑nitroben‑
zylidene)acetohydrazide (4)

A mixture of 3 (1.76 g, 5.0 mmol) and 3-nitrobenzaldehyde 
(0.91 g, 6.0 mmol) in ethanol (10 mL) containing glacial 
acetic acid (0.2 mL) was refluxed for 4 h. The solid obtained 
was filtrated and recrystallized from ethanol to give 4.

Fig. 1  Synthesis of Schiff bases 
2–4 

Table 1  Physical properties 
and elemental analyses data for 
Schiff bases 2–4 

Compound Color Yield (%) Mp (°C) Calculated (found;  %)

C H N

2 White 67 153–157 62.28 (62.30) 4.95 (5.03) 15.29 (15.30)
3 Beige 60 238–240 57.94 (57.98) 4.58 (4.61) 23.85 (23.87)
4 Orange 81 179–180 59.37 (59.40) 3.94 (3.95) 20.19 (20.25)
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Preparation of PS films

Schiff base 4 (25 mg) was added to a stirred solution of PS 
(5.0 g) in chloroform (100 mL) and stirred for 90 min at 
25 °C to provide a homogeneous solution. The mixture was 
casted into glass plates and dried for 24 h at 25 °C.

UV light exposure

PS films were irradiated at 25  °C with UV light 
(λmax = 313 nm and light intensity = 6.43 × 10−9 ein·dm−3·s−1) 
for 300 h using an accelerated weather-meter QUV tester 
(Q-Panel Company; Homestead, FL, USA).

Results and discussion

Schiff base 4 was synthesized as shown in Fig. 1. The reac-
tion of (E)-4-(benzylideneamino)-5-phenyl-4H-1,2,4-tria-
zole-3-thiol (1) and ethyl 4-chloroacetate in boiling etha-
nol containing potassium carbonate for 3 h yielded 67% of 
2. The reaction of Schiff base 2 and hydrazine hydrate in 
boiling ethanol for 3 h yielded 60% of Schiff base 3. The 
reaction of 3 and 3-nitrobenzaldehyde in boiling ethanol 
containing acetic acid for 4 h yielded 81% of Schiff base 
4. Some physical properties of Schiff bases 2–4 along with 
their elemental analyses data are provided in Table 1.

The structures of Schiff bases 2–4 were confirmed further 
from the FTIR and 1H NMR spectra. FTIR spectra indicate 

Table 2  Some FTIR spectral 
data for 2–4 

Compound NH C–H (Ar) C–H (Ali) C = O C = C C = N C–S

2 3381 3039 2923 1736 1548 1607 690
3 3323 3066 2918 1658 1502 1592 963
4 3190 3058 2969 1660 1508 1598 1006

Table 3  1H NMR spectral data for 2–4 

Compound 1H-NMR (400 MHz: DMSO-d6, δ, ppm)

2 1.13 (t, J = 7.5 Hz, 3 H, Me), 4.11 (q, J = 7.5 Hz, 2 H,  CH2), 4.28 (s, 2 H,  CH2), 7.42 (t, J = 7.9 Hz, 1 H, Ph), 7.50–7.52 (m, 5 H, 
Ph), 7.76 (d, J = 7.9 Hz, 2 H, Ph), 8.08 (d, J = 7.9 Hz, 2 H, Ph), 8.52 (s, 1 H, CH)

3 4.01 (s, 2 H,  CH2), 4.28 (s, exch., 2 H,  NH2), 7.43 (t, J = 8.0 Hz, 1 H, Ph), 7.50–7.53 (m, 5 H, Ph), 7.84 (d, J = 8.0 Hz, 2 H, Ph), 
8.02 (d, J = 8.0 Hz, 2 H, Ph), 8.16 (s, exch., 1 H, NH), 9.02 (s, 1 H, CH)

4 4.11 (s, 2 H,  CH2), 7.43 (t, J = 8.0 Hz, 1 H, Ph), 7.49–7.54 (m, 5 H, Ph), 7.70 (s, 1 H, Ar), 7.88–8.30 (m, 7 H, Ph and Ar), 8.52 (s, 1 
H, CH), 8.90 (s, 1 H, CH), 10.81 (s, exch., 1 H, NH)

Fig. 2  EDX spectrum of PS 
(blank) film
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the presence of strong absorption peaks at 1736, 1658, and 
1660 cm−1 due to the vibration of the carbonyl group in 
Schiff bases 2, 3, and 4, respectively. The vibration for the 
azomethine bond appears at 1592–1607 cm−1. Some FTIR 
spectral data for 2–4 are provided in Table 2.

The 1H NMR spectra of Schiff bases 2–4 show all pro-
tons at the expected chemical shifts and coupling constants 
(Table 3). For example, the CH protons resonate as a singlet 
in the 8.52–9.02 ppm region.

EDX is a powerful tool to detect the elemental composi-
tion of polymeric materials [34]. In Fig. 2, the PS (blank) 
film exhibits a strong abundance peak for carbon as the 
major component. Schiff base 4 (0.5% by weight) was added 
to PS to produce a homogenous blend. The EDX patterns for 
PS/Schiff base 4 blend (Fig. 3) indicate the appearance of 
new bands related to nitrogen and oxygen from Schiff base 
4. The assignment of peaks in the EDX patterns for the PS 
films is consistent with reported assignments [22–24].

The PS (blank) film was irradiated with a UV light 
(λmax = 313 nm) for 300 h and the FTIR spectrum was 
recorded and compared to that obtained before irradia-
tion. Figure 4 shows the appearance of specific functional 
groups after irradiation. For example, the intensity of car-
bonyl group (1720 cm−1) becomes apparent after irradia-
tion due to photo-oxidation of PS and formation of car-
bonyl group fragments [28]. The intensity of such peak 
was less apparent in the presence of Schiff base 4. Simi-
lar observation has been previously made [28]. Clearly, 
the additive stabilizes the PS against photo-oxidation by 
directly absorbing the UV irradiation or acting as radical 
or peroxide scavenger [29]. For example, Schiff base 4 
produces stable complexes with the PS radicals, obtained 

from the photo-oxidation process, in the presence of a 
chromophore [29].

Highly ordered polymeric materials have nanometer- or 
micrometer-sized pores. Such materials have various inter-
esting applications, and can be used in chemical batteries, 
optical devices, and gas storage media [25]. SEM can be 
used to detect the homogeneity within the polymeric matrix, 

Fig. 3  EDX spectrum of PS/
Schiff base 4 blend

Fig. 4  FT-IR spectra of PS
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as well as the shape and size of the particles. These param-
eters reflect the optical, mechanical, and thermal properties 
of polymeric materials [26]. SEM images were recorded for 
both, the PS (blank) film and PS/Schiff base 4 blend (4 × 4 
μm2) before irradiation to provide baseline results. Figure 5 
shows that the surface of the PS was smooth and homog-
enous, and that Schiff base 4 is fully compatible within the 
polymeric matrix. It should be noted that the white dots that 
appeared in the SEM images of non-irradiated PS films are 
possibly due to the presence of residual solvent (chloroform) 
that trapped within the polymeric materials [29].

A highly ordered honeycomb poly(vinyl chloride) 
(PVC)-like material containing nickel(II) chloride and a 
Schiff base has been fabricated after UV irradiation for 
300 h [22]. Moreover, a porous honeycomb PVC material 
containing polyphosphate has been successfully fabricated 

after prolonged irradiation [27]. Therefore, the PS (blank) 
film and PS/Schiff base 4 blend were irradiated for 300 h, 
following which their SEM images were recorded at dif-
ferent magnification powers (Figs. 6 and 7, respectively). 
Figure 6 indicates the formation of a PS cotton-like fibrous 
material after irradiation of the blank PS film, possibly due 
to the high rate of dehydrochlorination and evolution of 
hydrogen chloride gas. In addition, the rapid cross-linking 
of the polymeric chains and formation of small molecular 
weight fragments could have an effect on the formation 
cotton-like fibrous material.

SEM images for the PS/Schiff base 4 blend after irra-
diation indicate the absence of the cotton-like morphology. 
Instead, a terrestrial crack-like PS material was observed 
(Fig. 7). The particle size is much larger than that obtained 
for the blank PS film. Such a material is highly promising 

Fig. 5  SEM images of PS (blank) film and PS/4 blend before irradiation
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for light capture, and enables a high degree of photostabil-
ity against irradiation. SEM images for the PS/Schiff base 4 
blend after irradiation show a cleaner, smoother, and more 
regular surface compared with the surface of the PS (blank) 
film. The terrestrial crack-like material could be formed due 
to the incorporation of Schiff base 4 within the PS surface, 
relatively long duration of irradiation, and slow dehydro-
chlorination process. Clearly, the damage took place in 
the surface of the PS/Schiff base 4 blend was much less 
compared to those occurred in the case of PS (blank) film. 
Such result highlights the role played by the Schiff base 4 

in enhancing the photostability of PS against irradiation. In 
contrast, the fabrication of ball-like PS containing a differ-
ent Schiff base, obtained from biphenyl-3,3′,4,4′-tetraamine 
and 2-hydroxybenzaldehyde, after prolonged UV irradiation 
was reported [28]. The difference in surface morphology 
could be attributed to the type of additive, polymer, and the 
strength of interaction between the additive and polymeric 
material [29].

The surface morphology of the PS films was investigated 
further by the use of AFM. Such technique provides two- 
and three-dimensional images of the PS surface [35]. The 

Fig. 6  SEM images of PS (blank) film after irradiation
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AFM images shown in Fig. 8 indicated that PVC/4 blend (4 
× 4 μm2) have a more regular and smooth surface compared 
to the blank PS film.

Conclusions

A Schiff base containing the 1,2,4-triazole moiety was syn-
thesized using a simple procedure and have been used as 
an additive to improve the physical properties of PS. The 
energy-dispersive X-ray spectroscopy showed evidence for 

the incorporation of Schiff base within the PS matrix. A 
PS film containing the Schiff base was irradiated with UV 
light to produce a terrestrial crack-like material; on the other 
hand, irradiation of the PS film without the Schiff base led to 
a cotton-like material. The relatively long irradiation time, 
presence of the Schiff base, and slow dehydrochlorination 
process may have enabled the fabrication of the terrestrial 
crack-like material. Clearly, the Schiff bases used enhance 
photostability of PS against irradiation.

Fig. 7  SEM images of PS/4 blend after irradiation
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