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Abstract 

        Chitosan and p-methylbenzaldehyde reacted to produce chitosan 

schiff base. The solution casting technique was used to produce a 

polymer blend with PVA. FT-IR, DSC-TGA, SEM, and biological 

activity have all been used to characterize all produced compounds. The 

FT-IR results demonstrated the formation of chitosan schiff base. The 

thermal stability of produced polymer blends was indicated by the DSC 

parameters. The synthetic Schiff base and PVA polymer blend's 

antibacterial ability against four different species of bacteria—

Pseudomonas aeruginosa, Bacillus subtilis, Escherichia coli, and 

Staphylococcus aureas—was investigated and assessed. The produced 

polymer blends exhibit good antibacterial effects versus all types of 

bacteria, according to the results. 

Keywords: Antimicrobial polymer, Chitosan Schiff base, polymer blend.  
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Introduction 

Chitosan is getting great attention in the medical and pharmaceutical 

industries because it possesses unique qualities that make it ideal for 

biomedical applications, such as biocompatibility, biodegradability, and 

non-toxicity. Additional properties, such as anticancer, antibacterial, and 

antioxidant activities, have also been reported(Kumar, 2000; Koide, 

1998; Kumar et al., 2004). Additionally, chitosan has many applications 

in the food industry, such as material recovery from food processing 

waste, biodegradable film manufacture, and food preservation against 

microbial destruction. It can also be utilized as a functional food 

ingredient and a source of dietary fiber(Aranaz et al., 2009). 

Schiff bases were frequently utilized, particularly in the realms of 

medicine and pharmaceuticals. Antifungal, antidiabetic, antitumor, 

anticancer, herbicidal, and anti-inflammatory actions are only a few of 

their biological properties(Mohy Eldin et al., 2015). Various studies have 

synthesized numerous Chitosan schiff bases (Cs) by combining various 

types of aldehyde with the amine groups of chitosan in the last years, and 

these (Cs) have been cited as potential antibacterial agents. (Cs) were 

shown to be efficient antibacterial agents more than chitosan itself (Guo 

et al., 2007).  

        PVA (Polyvinyl alcohol) is a nontoxic, biocompatible polymer that 

was originally made in 1927 from poly(vinyl acetate). PVA is an 

odorless, soluble in water, film-forming polymer whose characteristics 

are affected by its degree of hydrolysis and polymerization. PVA and its 

derivatives have a wide range of uses in a variety of disciplines, including 

biomedical, cosmetic, textile, paper, and adhesive development (Delattre 

et al., 2014). 

       The blending of polymers is a good method to obtain polymeric 

materials with desirable properties raised from compounds for specific 

applications (El-Hefian et al., 2014). Natural polymers have recently 

gained significant attention not only because they are renewable, non-

toxic, cost-effective, and produce biodegradable waste (Neto et al., 2005), 

but also because of their great potential to replace synthetic polymers in a 
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variety of applications (Wood, 2001). Among these materials, chitosan 

has received particular interest owing to its versatility and wide range of 

applications, especially in the form of polymer blends. Since chitosan's 

characteristics can be improved by combining it with both naturally 

occurring and synthetic macromolecules, this research area has received 

lots of attention lately in a variety of ways(Mucha, 1998; Srinivasa et al., 

2003; Shanmugasundaram et al.,2001; Chen et al.,2002; Sionkowska et 

al.,2004). 

2. Experimental 

2.1. Preparation of Chitosan schiff base   
         Before adding the aldehyde, glacial acetic acid 2% was used to  

dissolve 0.5 g chitosan then stirred for half an hour at room temperature. 

After that para-methylbenzaldehyde was added to the solution to produce 

Schiff base. The liquid was heated to 60 degrees Celsius for a 12 hours 

while being magnetically stirred. After cooling, ethanol was used to wash 

the crude product. The product was allowed to dry at room temperature 

for a 24 hours. Equation (2-1) depicts the chitosan Schiff base synthesis 

pathway (Younus et al., 2024). 

 

 
 

 

Figure (2-1): The preparation reaction of Chitosan schiff base. 
2.2. Preparation of polymer blends 
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      The solution casting method was used to produce the polymer blends. 

Schiff base of chitosan solutions were made by dissolving 1 g of chitosan 

Schiff base into of 2 % aqueous acetic acid solution with stirring at room-

temperature. To produce polymer solutions, 5 g of PVA was dissolved in 

100 mL hot water to prepare 5% PVA. Cs / PVA mixes were made by 

combining different Cs: PVA ratios as shown in the table below. 

Table (0-1): The weight percentage of the blend of PVA polymer and 

Chitosan schiff base 

Polymer blend Cs% PVA% 

       B1 25 75 

       B2 50 50 

       B3 75 25 

3. Results and Discussion 

3.1. The FT-IR Spectroscopy 

          Chitosan schiff base was produced from the reaction  of Chitosan 

and paramethylbenzaldehyde. Figure (3–1) presents the FT-IR spectrum 

of chitosan, with the characteristic bands assigned as follows: the broad 

absorption at 3465 cm⁻¹ coincide to N–H and O–H stretching vibrations, 

whereas the peak at 2914 cm⁻¹ is refer to symmetric C–H stretching. The 

band at 1645 cm⁻¹ represents amide I, whereas the peaks at 1423 cm⁻¹ 
and 1379 cm⁻¹ are associated with C–N stretching and NH₂ bending 

vibrations, respectively. Additionally, the bands observed at 1157 cm⁻¹ 
and 1090 cm⁻¹ are attached to C–O–C bending and C–OH stretching 

vibrations. In Figure (3–2), the FT-IR spectrum of the Chitosan schiff 

base reveals a newly formed absorption band at 1639 cm⁻¹, which is 

assigned to the imine group (C=N). The band at 1601 cm⁻¹ indicates the 

presence of C=C stretching in the aromatic aldehyde, while the peak at 

814 cm⁻¹ corresponds to aromatic C–H deformation. Furthermore, the 

band at 1167 cm⁻¹ is refer to C–O–C stretching vibrations in (1–4) 

glycosidic linkages. The presence of a secondary amide (–NH) is shown 

by the band at roughly 1022 cm
-1

 and a hydroxyl group (OH) with 

polymeric connection(Chen et al., 2002). 
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Figure(3-1): The FT-IR spectra of chitosan . 

 

 
Figure(3-2): The FT-IR spectra of Chitosan Schiff base. 
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Figure(3-3): The FT-IR spectra of Chitosan Schiff base/ PVA Polymer 

blend 

3.2. Scanning Electron Microscope (SEM) 

         Chitosan schiff base (Cs) SEM images and polymer blends are 

represented in the figures below. The (Cs) surface morphology where p-

methylbenzaldehyde is added as shown in figure (3-4) shows rough 

surface appearance this is explained by changing of internal structure of 

polymer. Immobilization of aldehyde molecules into Chitosan backbone 

gives the polymer some hydrophobic nature. The SEM for polymer 

blends B2 and B3in the presence of (Cs) with PVA is homogenously 

distributed on the matrix surface as illustrated in figures (3-5), (3-6). The 

SEM for B3 shows increase in surface roughness as increasing the 

percentage of Cs in the blend (Sionkowska et al., 2004). 
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Figure(3-4): The SEM image of chitosan schiff base 

 
Figure(3-5): The SEM images of polymer blend B2 

 
Figure(3-6): The SEM images of polymer blend B3 
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3.3 Thermal analysis 

  The pure chitosan, PVA, and Cs/PVA polymer blend were measured 

by thermogravimetric analysis (DSC∕ TGA) at a steady rate of 10°C∕ min 

at temperatures between 0 and 600 °C. 

 Regarding continuous mass loss, the TGA curve associated with 

Chitosan figure (3-7) shows two stages. The initial stage involves a mass 

loss of -7.6% for the volatile ingredients at 201°C. The second step is at 

(201-529°C) with -60.11% mass lose decomposition regarding polymer’s 

chain. The glass transition temperature Tg at 95.5°C was shown by the 

DSC curve for the chitosan in figure (3-7). The polymer melting Tm is 

associated with an exothermic peak at 303.2°C. 

 In terms of continuous mass loss, the TGA curve related to a PVA 

figure (3–8) shows three phases. In terms of the volatile materials, The 

initial stage has a mass loss of (-48.13%) at 340.67°C. The mass loss in 

the second stage is (-14.07%) at 340.67-435.96°C, while the weight loss 

in the third stage is approximately (-22.37%) at 435.96-594.67°C 

(decomposition providing for the polymer's side chain). The DSC curve 

displayed the glass transition temperature Tg for the PVA at 68.4°C. Td, 

the degradation temperature, is at 454.9°C, whereas Tm, the polymer 

melting temperature, is related to an endothermic peak at 214.5°C. 

 The TGA thermo gram regarding the B(Cs/PVA) figure (3-9) indicates 

4 steps, the initial one at a temperature of (173.33°C) with the weight loss 

approximately (-17.92%), second step is (322.387°C) with weight loss 

approximately (-17.48%), third step at a temperature of (493.44°C) and 

weight loss approximately (-20.02%) the fourth stage at a temperature of 

(595.64°C) with a weight decrease of about -4.76%. Glass transition 

temperature Tg at 80.4°C is shown by the DSC curve related to 

B(Cs/PVA). The blend film's thermogram was found to display a single 

Tg. This suggests that the two polymers have been thoroughly mixed and 

that hydrogen bonding between the PVA and Cs polymer blend are 

present (El Hamdaoui et al., 2021). 
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Figure (3-7) Thermal analysis of chitosan 

Figure (3-8) Thermal analysis of PVA 
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Figure (3-9) Thermal analysis of Cs/PVA blend 

3.4. Biological activity. 

        Using the diffusion inhibition method, Chitosan schiff base (Cs) and 

(Cs) /PVA polymer blends biological activities were evaluated against 

four different kinds of harmful bacteria. The antibacterial activity results 

are shown in Table (3-5). Gram+ve (B.subtilis and S.aureus) and Gram-

ve (E.coli and P.aeruginosa) microorganisms were used to test the 

materials' antibacterial activity. Each compound under investigation has 

good bactericidal characteristics, as Table (3-1) clearly shows. The 

growth of both Gram-positive and Gram-negative bacteria was observed 

to be inhibited by the synthesized (Cs) and PVA blend, resulting in an 

inhibitory zone with a diameter of 27 mm. 

     Because of the chemical structure of PVA and Cs, the produced 

polymer blends show excellent antibacterial activity against the studied 

pathogens. The Schiff-base imine group (C=N) with its 𝜋-electrons is 

proposed to increase the lipophilicity of the molecule which facilitates the 
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(Cs) molecule's penetration of the microbe's cell membrane. It may be 

followed by a disruption in the microbial cell's respiration mechanism. 

Finally, protein synthesis is inhibited, preventing bacteria from growing 

further (Webster et al., 2007). 

Table (3-1): Antibacterial activity of Chitosan Schiff base/PVA 

polymer blend 

Compound Esherichia 

Coli 

Staphylococcus 

aureus 

Bacillus 

cerues 

Pseudomonas 

aeruginosa 

B1 24 21 19 20 

B2 25 23 22 24 

B3 24 23 24 27 

References 

1. Kumar, M. N. V. R. (2000). A review of chitin and chitosan 

applications. Reactive and Functional Polymers, 46(1), 1–27. 

2. Koide, S. S. (1998). Chitin-chitosan: Properties, benefits and risks. 

Nutrition Research, 18(6), 1091–1101 

3. Kumar, M. N. V. R., Muzzarelli, R. A. A., Muzzarelli, C., Sashiwa, H., 

& Domb, A. J. (2004). Chitosan chemistry and pharmaceutical 

perspectives. Chemical Reviews, 104(12), 6017–6084. 

4. Aranaz, I., Mengíbar, M., Harris, R., Paños, I., Miralles, B., Acosta, N., 

Galed, G., & Heras, Á. (2009). Functional characterization of chitin and 

chitosan. Current Chemical Biology, 3(2), 203–230. 

5. Mohy Eldin, M. S., Hashem, A. I., Omer, A. M., & Tamer, T. M. 

(2015). Preparation, characterization and antimicrobial evaluation of 

novel cinnamyl chitosan Schiff base. International Journal of Advanced 

Research, 3(3), 741–755. 

6. Guo, Q., Johnson, C. A., Unger, J. B., et al. (2007). Utility of the 

theory of reasoned action and theory of planned behavior for predicting 

Chinese adolescent smoking. Addictive Behaviors, 32(5), 1066–1081. 

7. Delattre, E., Lemière, G., Desmurs, J.-R., Boulay, B., & Dunach, E. 

(2014). Poly(vinyl alcohol) functionalization with aldehydes in organic 

solvents: Shining properties of poly(vinyl acetals). Journal of Applied 

Polymer Science. 



                                  

 P- ISSN: 3007-3650    E- ISSN: 2706-8536                                                                                                                 الجامعة المستنصرية –كلية التربية الاساسية 
Journal of the College of Basic Education      Vol.32 (No.137) 2026,pp.1421-1431 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
14300404June

P- ISSN: 3007-3650    E- ISSN: 2706-8536 

  
 

8.  El-Hefian, E. A., et al. (2014). Chitosan-based polymer blends: 

Current status and applications. Journal of the Chemical Society of 

Pakistan, 36(1). 

9.  Wood, D. (2001). European patents for biotechnological inventions: 

Past, present and future. World Patent Information, 23(4), 339–348. 

10. Neto, C. G. T., Giacometti, J. A., Job, A. E., Ferreira, F. C., Fonseca, 

J. L. C., & Pereira, M. R. (2005). Thermal analysis of chitosan-based 

networks. Carbohydrate Polymers, 62(2), 97–103. 

11. Mucha, M. (1998). Rheological properties of chitosan blends with 

poly(ethylene oxide). Reactive and Functional Polymers, 38(1), 19–25. 

12. Srinivasa, P. C., Ramesh, M. N., Kumar, K. R., & Tharanathan, R. N. 

(2003). Properties and sorption studies of chitosan–polyvinyl alcohol 

blend films. Carbohydrate Polymers, 53(4), 431–438. 

13.  Shanmugasundaram, N., Ravichandran, P., Neelakanta, P. R., Nalini, 

R., Subrata, P., & Rao, K. P. (2001). Collagen–chitosan polymeric 

scaffolds for the in vitro culture of human epidermoid carcinoma cells. 

Biomaterials, 22, 1943–1951. 

14. Chen, X. G., Wang, Z., Liu, W. S., & Park, H. J. (2002). The effect of 

carboxymethyl-chitosan on proliferation and collagen secretion of normal 

and keloid skin fibroblasts. Biomaterials, 23(23), 4609–4614. 

15. Sionkowska, A., Wisniewski, M., Skopinska, J., Kennedy, C. J., & 

Wess, T. J. (2004). Molecular interactions in collagen and chitosan 

blends. Biomaterials, 25(5), 795–801. 

16. Younus, M. A., Abdallah, B. F., Abdulla, N. Y., & Ibraheem, I. J. 

(2024). Synthesis, characterization and anticancer activity of chitosan 

Schiff base/PEG blend doped with gold and silver nanoparticles in 

treatment of breast cancer cell line MCF-7. Iraqi Journal of 

Pharmaceutical Sciences, 33(2). 

17. El Hamdaoui, L., El Marouani, M., El Bouchti, M., Kifani-Sahban, 

F., & El Moussaouiti, M. (2021). Thermal stability, kinetic degradation 

and lifetime prediction of chitosan Schiff bases derived from aromatic 

aldehydes. ChemistrySelect, 6(3), 306–317. 



                                  

 P- ISSN: 3007-3650    E- ISSN: 2706-8536                                                                                                                 الجامعة المستنصرية –كلية التربية الاساسية 
Journal of the College of Basic Education      Vol.32 (No.137) 2026,pp.1421-1431 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
14310404June

P- ISSN: 3007-3650    E- ISSN: 2706-8536 

  
 

18. Webster, A., Halling, M. D., & Grant, D. M. (2007). Metal 

complexation of chitosan and its glutaraldehyde cross-linked derivative. 

Carbohydrate Research, 342(9), 1189–1201. 

 

 تحضير,تشخيص والفعاليت الحيىيت لقاعذة شيف للكيتىساى وهزيجها البىليوري
1

أ.م.ضفاف هاشن بذري, 
0

م.م.لينت اياد اسعذ, 
1

أ.م.هناء غالي عطيت, 
1

م.م.هشام احوذ شهاب, 
1

 أ.د. هها عبذالىهاب يىنس
1

 خاٍعت بغذاد/ميٍت اىخربٍت ىيعيىً اىصرفت/ابِ اىهٍثٌ/قسٌ اىنٍٍَاء
2

 /قسٌ حقٍْاث صْاعت الاسْاُ خاٍعت اوروك/ ميٍت اىخقٍْت اىطبٍت واىصحٍت

dhifaf.h.b@ihcoedu.uobaghdad.edu.iqlenaayad@uruk.edu.iq,   

hanaa.g.a@ihcoedu.uobaghdad.edu.iq,husham.a@ihcoedu.uobaghdad.ed

u.iq , maha.aw.y@ihcoedu.uobaghdad.edu.iq 

  هستخلص البحث8
ىينٍخىساُ. اسخُخذٍج حقٍْت خيط ٍٍثٍو بْزاىذٌهاٌذ لإّخاج قاعذة شٍف -حٌ حفاعو اىنٍخىساُ ٍع بارا

حٌ حشخٍص خٍَع اىَرمباث اىَحضّرة   .اىَحاىٍو ىخحضٍر ٍزٌح بىىٍَري ٍع بىىً فٍٍْو اىنحىه

واىخحاىٍو اىحرارٌت واىَدهر الاىنخروًّ اىَاسح إضافتً  بىاسطت ٍطٍافٍت الاشعت ححج اىحَراء

حج اىحَراء حنىُّ قاعذة شٍف ٍطٍافٍت الاشعت ح إىى حقٌٍٍ اىفعاىٍت اىحٍىٌت. أظهرث ّخائح

ىيَزائح اىبىىٍَرٌت اىَحضّرة. اثبخج اىخحاىٍو اىحرارٌت الاسخقرارٌت اىحرارٌت ىينٍخىساُ. مَا 

 وحَج دراست وحقٌٍٍ اىفعاىٍت اىَضادة ىيبنخٍرٌا ىقاعذة شٍف اىَحضّرة واىَزٌح اىبىىٍَري ٍع

PVA  :ًضذ أربعت أّىاع ٍخخيفت ٍِ اىبنخٍرٌا وه(Pseudomonas aeruginosa)، 

(Bacillus subtilis) ،(Escherichia coli)،  (Staphylococcus aureus) وأظهرث

خٍذة ٍضادة ىيبنخٍرٌا ضذ خٍَع اّىاع  اىْخائح أُ اىَزائح اىبىىٍَرٌت اىَحضّرة حَخيل فعاىٍت

 .اىبنخرٌا

 .اىَزٌح اىبىىٍَري ،قاعذة شٍف ىينٍخىساُ ،اىبىىٍَراث اىَضادة ىيٍَنروباث: الكلواث الوفتاحيت
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