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Abstract: Chitosan, a natural polysaccharides biopolymer is a versatile and promising biomaterial. 

Chitosan metal complexes stand out in their app

biocompatibility and biodegradability properties. Presence of primary aliphatic amino group along the 

polymer chain allows for a variety of chemical modifications, of which the most significant is imine 

functionalization. The ability to easily perform complexation between chitosan Schiff bases and metal 

ions results in metal complexes, enhancing its application, resulting in further innovation in various 

fields. The most recent advances of chitosan Schiff

biomedical, catalysis, environmental, and adsorption are summarised in this review.
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    In recent years researchers are more focussed on greener, cleaner and sustainable chemistry which has made lesser 

impact on the environment having lower levels of pollution and contamin

from petrochemical-based feed stocks towards biological materials 

synthetic biodegradable polymers due to its biodegradability, renewability, and abundance 

chitosan and cyclodextrin are some low cost, renewable and biodegradable polymers which has great economic and 

environmental importance [3].  

    Biopolymers a versatile class of materials have potential applications in various research field

medicine, pharmaceutical and environmental. Because of its high nitrogen content (89.6%) chitosan, the second most 

abundant polysaccharide after cellulose 

polymers. [5-7].  It is the product of N-deacetylation of chitin which is found in the shells of crustacean’s crab, shrimps 

lobsters and exoskeleton of insects and also in the cell walls of fungi. Chitosan is mainly composed of randomly 

distributed β-(1,4)-linked D-glucosamine and N
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Chitosan, a natural polysaccharides biopolymer is a versatile and promising biomaterial. 

Chitosan metal complexes stand out in their applicability in different research fields due to their 

biocompatibility and biodegradability properties. Presence of primary aliphatic amino group along the 

polymer chain allows for a variety of chemical modifications, of which the most significant is imine 

functionalization. The ability to easily perform complexation between chitosan Schiff bases and metal 

ions results in metal complexes, enhancing its application, resulting in further innovation in various 

fields. The most recent advances of chitosan Schiff base complexes in various fields, including 

biomedical, catalysis, environmental, and adsorption are summarised in this review. 

Chitosan, Schiff Bases, Metal Complexes, Applications. 

I. INTRODUCTION 

In recent years researchers are more focussed on greener, cleaner and sustainable chemistry which has made lesser 

impact on the environment having lower levels of pollution and contamination. This is evident from the recent shift 

stocks towards biological materials [1]. Thus, biopolymers earned more attention than 

synthetic biodegradable polymers due to its biodegradability, renewability, and abundance [2]

chitosan and cyclodextrin are some low cost, renewable and biodegradable polymers which has great economic and 

Biopolymers a versatile class of materials have potential applications in various research field like agriculture, food, 

medicine, pharmaceutical and environmental. Because of its high nitrogen content (89.6%) chitosan, the second most 

abundant polysaccharide after cellulose [4], has commercial significance among the various naturally occurring 

deacetylation of chitin which is found in the shells of crustacean’s crab, shrimps 

lobsters and exoskeleton of insects and also in the cell walls of fungi. Chitosan is mainly composed of randomly 

glucosamine and N-acetyl-D-glucosamine.  
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In recent years researchers are more focussed on greener, cleaner and sustainable chemistry which has made lesser 

ation. This is evident from the recent shift 

biopolymers earned more attention than 

]. Starch, cellulose, 

chitosan and cyclodextrin are some low cost, renewable and biodegradable polymers which has great economic and 

like agriculture, food, 

medicine, pharmaceutical and environmental. Because of its high nitrogen content (89.6%) chitosan, the second most 
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    The reactions of chitosan are versatile than other biopolymers like cellulose, starch etc due to the presence of 

chemically active primary –NH2 groups and highly hydrophilic –OH groups. Various efforts have been made by 

researchers to find the chemical modification, [8] thus producing functional derivatives of chitosan with large spectrum 

of applications. Chitosan is functionalized to change its solubility, add metal ligands, and improve biological and 

catalytic activity. [9-11] 

    Among the functionalized biopolymers Schiff bases are unique which contain an imine group, formed by the 

condensation of primary amino group in the polymer structure with carbonyl compounds like aldehydes or ketones.[12] 

These bases enhance the adsorption and complexation properties of chitosan yielding a complexing material with 

extensive  antimicrobial, catalytic and environmental applications.[13-15] Inherently chitosan exhibit antimicrobial 

property, but some   reports show that Schiff bases of chitosan found to have stronger biological activity than chitosan. 

Also, among the different type of catalysis, polymer supported catalyst has potential applications for chemical 

synthesis, as it switched from homogenous catalyst to heterogenous ones. Major advantages of heterogenous catalyst 

are easy removal without loss of catalytic activity, and recycling. [16,17] Chemically modified chitosan received 

attention as versatile supporting material. [18,19]. 

 

II. APPLICATIONS OF CHITOSAN SCHIFF BASE COMPLEXES 

    In the recent years, chitosan anchored Schiff base complexes are being studied the most as they are gaining 

significance as biochemical, antimicrobial and catalytic reagents [20-22]. Various reports are available with chitosan 

anchored Schiff base complexes and its application. This review intended to give an overview of various applications 

of chitosan anchored Schiff base complexes. 

 

2.1 Biological Activity 

    Using the biopolymer chitosan X. Jin et al. [23] synthesised Schiff base by the reaction of chitosan with citral 

working under high intensity ultrasound. The chemical structure was characterised and screened for their antibacterial 

activity against Escheria coli, Staphylococcus and Asper gillusniger.  The results indicate that the activity of Schiff base 

was stronger than chitosan and its activity increases with an increase in the concentration. Rong-Min Wang et.al [24] in 

their work described the anticancer activity of LMW chitosan salicylaldehyde Schiff base and its Zn(II) complexes, 

which inhibit the growth of SMMC-7721 liver cancer cells and was  by sulforhodamine B assay method in vitro 

method. Results revealed that the Zn complexes get bounded to DNA through electrostatic interaction and intercalation.  

Antibacterial activity of seven Schiff bases from O-carboxymethyl chitosan and p- substituted benzaldehyde was 

studied by Xueqiong Yin et al. [25] and also examined the impact of substituents i.e., nature and position on the 

biological activity. Studies indicate that the benzaldehyde with electron donating group like -CH3 and –OCH3 increases 

the activity and the electron withdrawing groups like halogens and –NO2 group decreases the activity.  Emad Soliman 

et al. [26] also synthesised a series of chitosan Schiff bases by the condensation of low molecular weight chitosan with 

benzaldehyde and its p-chloro, p-methoxy and p-N(CH3)2 derivatives.  The antibacterial activity of chitosan Schiff 

bases were evaluated against gram positive (Staphylococcus aureus and Streptococcus pyogenes) and two type of gram-

negative bacteria (Escherichia coli and Shigella dysentriae) and assessed by Optical Density method. Among the 

synthesised Schiff bases, anisaldehyde had the highest antibacterial activity.       By the reaction of 5-chloro-3-methyl-

1-phenyl-1H- pyrazole-4-carboxaldehyde with chitosan Amil. B. Dholakia et al. [27] developed a new chitosan Schiff 

base and its antifungal potential was investigated against Aspergillus niger and Penicillium by agar well diffusion 

method. In another work Singaram et al. [28] reported the antibacterial activity of Pd (II) Schiff  base complexes 

prepared by the reaction of chitosan and aldehyde viz, 4-hydroxy-3-methoxy benzaldehyde and 2-hydroxy 

benzaldehyde. The Pd (II) complexes shows good activity against bacterial organism and activity increases with 

minimum concentration. High activity of the complex is due to the metal ion’s permeation process.   
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Figure 2: Antibacterial effects of Palladium (II) complex of Chitosan

Figure 3: Antibacterial effects of Palladium (II) complex of Chitosan

    Metal complexes of Ni (II) and Co (II) are 

soluble carboxymethyl chitosan with 3,4-dimethoxy benzaldehyde and its biological activity were studied. Biological 

activity includes invitro cytotoxicity, antioxidant activity

the complexes are non-toxic and compatible. ALP activity of Ni complex is high compared to other samples and the 

antioxidant activity of Schiff base is found to be more pronounced than its metal comple

nanomaterials allow a new path for its use in biological action, 

nano-particles with chitosan and its schiff bases. Results revealed that chitosan with Se nanoparticles h

effect only on gram – negative bacteria –

nanoparticles has the highest inhibitory effect against all the bacterial strains tested. 

by Araujo etal. [31] regarding Ni (II), Cu (

its nitro and methoxy derivative anchored on chitosan. Characterisation shows that the complexes are square planar and 

also Cytotoxicity was examined by MTT assay performed using human HeLa cells.  From the results 

are found to be highly toxic and Cu (II) complex presented higher viability.    

    Six novel metal complexes of Pd (II) and Pt(II) were synthesised from biopol

reaction of chitosan and salicylaldehyde and its derivatives like 5

al.[32] The biological activity have been studied against two bacterial plant pathogen Pseudomonas syringae

and antifungal activity against fungal plant pathogen Fusarium graminearum and their antitumour activity against a 

human breast cancer cell line (MCF-7). From antibacterial assay, chitosan Schiff bases and its complexes exhibit high 

anti-tumour activity against breast cancer cells. In this study Ahmed M. Khalil et al

and characterization, of some chitosan Schiff

pyrazole aldehyde derivatives loaded with AgNPs and evaluate the antimicrobial activities. The presence of AgNPs 

displayed the highest antibacterial activity against certain bacteria and fungi.   Wei xiang Liu etal

chitosan derivative having amino pyridine group followed by

metal complexes. And its antifungal activity were evaluated against P.capsici, V.alboatrum, B.cinerea and R. solani. 

Among the series of complexes Cu complex (inhibit the growth of P. capsici 100)

followed by Ni complex (inhibit by B.cincera  77).     

    Mohammed A Hassan et al. [35] developed two novel antibiotic phenolic chitosan Schiff bases by condensation of 

chitosan with indole -3 carboxaldehyde and 4

bases was verified by spectral analysis and its thermal stability were studied by TGA and DSC techniques.  An 

innovative aminated methylacrylate chitosan Schiff base bearing p
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Antibacterial effects of Palladium (II) complex of Chitosan salicylaldehyde schiff base (CSSB)

 
of Palladium (II) complex of Chitosan-vanillin schiff base (CVSB).

II) are synthesised by Suresh et al.[29] with Schiff bases derived from water 

dimethoxy benzaldehyde and its biological activity were studied. Biological 

antioxidant activity and ALP studies. The result indicates that the Schiff bases and 

and compatible. ALP activity of Ni complex is high compared to other samples and the 

antioxidant activity of Schiff base is found to be more pronounced than its metal complexes. Developing nontoxic pure 

nanomaterials allow a new path for its use in biological action, PavlineJelinkova et al. [30]synthesised complexes of Se 

particles with chitosan and its schiff bases. Results revealed that chitosan with Se nanoparticles h

– Escherichia coli, whereas the complexes of chitosan Schiff base with Se 

nanoparticles has the highest inhibitory effect against all the bacterial strains tested. Few studies have been performed 

Cu (II), and Zn (II) complexes with Schiff base derived from salicylaldehyde and 

its nitro and methoxy derivative anchored on chitosan. Characterisation shows that the complexes are square planar and 

y was examined by MTT assay performed using human HeLa cells.  From the results 

II) complex presented higher viability.     

II) and Pt(II) were synthesised from biopolymer chitosan Schiff base by the 

reaction of chitosan and salicylaldehyde and its derivatives like 5-nitro and 5-methoxy salicylaldehyde by Helen et 

The biological activity have been studied against two bacterial plant pathogen Pseudomonas syringae

and antifungal activity against fungal plant pathogen Fusarium graminearum and their antitumour activity against a 

7). From antibacterial assay, chitosan Schiff bases and its complexes exhibit high 

ctivity against breast cancer cells. In this study Ahmed M. Khalil et al.[33] concerned with the synthesis, 

and characterization, of some chitosan Schiff- bases and carboxymethyl chitosan Schiff base by the interaction some 

aded with AgNPs and evaluate the antimicrobial activities. The presence of AgNPs 

displayed the highest antibacterial activity against certain bacteria and fungi.   Wei xiang Liu etal

chitosan derivative having amino pyridine group followed by co-ordination with Cu (II), Ni(II) and Zn(II) ions to form 

metal complexes. And its antifungal activity were evaluated against P.capsici, V.alboatrum, B.cinerea and R. solani. 

Among the series of complexes Cu complex (inhibit the growth of P. capsici 100) showed the best antifungal activity 

followed by Ni complex (inhibit by B.cincera  77).      

developed two novel antibiotic phenolic chitosan Schiff bases by condensation of 

3 carboxaldehyde and 4-dimethyl amino benzaldehyde. Chemical structure of developed Schiff 

bases was verified by spectral analysis and its thermal stability were studied by TGA and DSC techniques.  An 

innovative aminated methylacrylate chitosan Schiff base bearing p-nitro benzaldehyde has been reported by Samesh S 
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schiff base (CSSB). Ref[28] 

vanillin schiff base (CVSB). Ref [28] 

Schiff bases derived from water 

dimethoxy benzaldehyde and its biological activity were studied. Biological 

tudies. The result indicates that the Schiff bases and 

and compatible. ALP activity of Ni complex is high compared to other samples and the 

xes. Developing nontoxic pure 

synthesised complexes of Se 

particles with chitosan and its schiff bases. Results revealed that chitosan with Se nanoparticles have inhibitory 

Escherichia coli, whereas the complexes of chitosan Schiff base with Se 

Few studies have been performed 

II) complexes with Schiff base derived from salicylaldehyde and 

its nitro and methoxy derivative anchored on chitosan. Characterisation shows that the complexes are square planar and 

y was examined by MTT assay performed using human HeLa cells.  From the results Zn (II) complexes 

ymer chitosan Schiff base by the 

methoxy salicylaldehyde by Helen et 

The biological activity have been studied against two bacterial plant pathogen Pseudomonas syringaepv.tomato 

and antifungal activity against fungal plant pathogen Fusarium graminearum and their antitumour activity against a 

7). From antibacterial assay, chitosan Schiff bases and its complexes exhibit high 

concerned with the synthesis, 

bases and carboxymethyl chitosan Schiff base by the interaction some 

aded with AgNPs and evaluate the antimicrobial activities. The presence of AgNPs 

displayed the highest antibacterial activity against certain bacteria and fungi.   Wei xiang Liu etal.[34] proposed 

ordination with Cu (II), Ni(II) and Zn(II) ions to form 

metal complexes. And its antifungal activity were evaluated against P.capsici, V.alboatrum, B.cinerea and R. solani. 

showed the best antifungal activity 

developed two novel antibiotic phenolic chitosan Schiff bases by condensation of 

yl amino benzaldehyde. Chemical structure of developed Schiff 

bases was verified by spectral analysis and its thermal stability were studied by TGA and DSC techniques.  An 

has been reported by Samesh S 
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Ali et al. [36] Its biological studies were assessed in vitro, this new aminated chitosan derivative show remarkable 

antioxidant, antibacterial, and antibiofilm property than chitosan. Evaluation of cytotoxicity and hemolytic

revealed cell viability and proliferation without evident hemolysis.   Vadivel etal

Ru(III) complexes, synthesised by the complexation of metal  with chitosan Schiff bases formed using the ligand 

salicylaldehyde, vanillin, and  O-methoxy vanillin. The antifungal study was carried out by disc diffusion method 

against fungal pathogens such as Asperigillus flavus, Aspergillus niger, Pencillinchyrogenum, Fusarium oxysporum 

and Trigodermaveride. Result analysis concluded that 

parent Schiff base ligand due to their chelation effect on micro

    N. Hidyati.etal.[38] prepared Cu(II) and Fe(II) complexes using the ligand N

complexes were screened for antibacterial activity against bacteria like Escherichia coli and Staphylococcus aureus, 

which was assessed by paper disc diffusion method. X

decreased by the formation of complex but the complex shows the best antibacterial activity due to the increased 

lipophilic nature of the complexes. Recently ManimohanMurugaiyan et al.

hydrazide-based O-carboxymethyl Chitosan S

biomedical and pharmaceutical areas. In another paper in addition to Zn(II)  complexes they described the synthesis of 

Co(II) and  Cu(II) complexes  and its antimicrobial studies.  Amo

anti-inflammatory, antioxidant and antidiabetic performances hence; 

and diabetic treatment.       

Figure 4: Design and synthesis of water

Zn(II) complexes through an in situ reaction.

    Chitosan /Isatin Schiff base developed by A.M.Omer etal

in medical application especially in wound dressing. Antimicrobial activity was screened against gram positive 

pseudomonas aeruginosa, salmonella and Proteus vulgaris. Another similar work was carried 

etal.[41] where chitosan Schiff base were prepared by the interaction of chitosan with 4

followed by dehydrohalogenation under basic conditions to get vinyl derivatives. Vinyl group in the polymeric chai

can undergo polymerisation and co-polymerisation to create novel polymeric structure exhibiting catalytic biological 

and medicinal applications. Three novel chitosan Schiff bases were reported by Nadia.Q Haj 

chitosan with 2-chloroquinoline-3-carbaldehylde, oxazole

Antibacterial activity was studied against Gram negative and Gram

Escherichia coli, Staphylococcus aureus Streptococcus m

Candida albicans and Asperigillus fumigates. The chitosan Schiff bases showed significant activity against one or more 

bacterial and fungal strain and the absence of cytotoxicity was evaluated t
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Its biological studies were assessed in vitro, this new aminated chitosan derivative show remarkable 

antioxidant, antibacterial, and antibiofilm property than chitosan. Evaluation of cytotoxicity and hemolytic

revealed cell viability and proliferation without evident hemolysis.   Vadivel etal.[37] reported the antifungal activity of 

Ru(III) complexes, synthesised by the complexation of metal  with chitosan Schiff bases formed using the ligand 

methoxy vanillin. The antifungal study was carried out by disc diffusion method 

against fungal pathogens such as Asperigillus flavus, Aspergillus niger, Pencillinchyrogenum, Fusarium oxysporum 

concluded that Ru (II) complex show a significant antifungal activity than the 

parent Schiff base ligand due to their chelation effect on micro-organism.  

prepared Cu(II) and Fe(II) complexes using the ligand N-(2-hydroxy benzylidene)

complexes were screened for antibacterial activity against bacteria like Escherichia coli and Staphylococcus aureus, 

which was assessed by paper disc diffusion method. X-ray diffraction study indicate that the crystallinity of chitosan 

ased by the formation of complex but the complex shows the best antibacterial activity due to the increased 

lipophilic nature of the complexes. Recently ManimohanMurugaiyan et al. [39] designed novel water soluble 

carboxymethyl Chitosan Schiff base and its Zn (II) complex for potential application in various 

biomedical and pharmaceutical areas. In another paper in addition to Zn(II)  complexes they described the synthesis of 

Co(II) and  Cu(II) complexes  and its antimicrobial studies.  Among the three complexes Cu complex show enhanced 

inflammatory, antioxidant and antidiabetic performances hence; it possesses the scope for pain killer, antitumor 

 
water-soluble hydrazide-based O-carboxymethyl chitosan Schiff bases and their 

Zn(II) complexes through an in situ reaction. ref [39] 
Chitosan /Isatin Schiff base developed by A.M.Omer etal. [40] has been found to exhibit good antimicrobial activity 

in medical application especially in wound dressing. Antimicrobial activity was screened against gram positive 

pseudomonas aeruginosa, salmonella and Proteus vulgaris. Another similar work was carried out by Vasak.B.Gavalyan 

where chitosan Schiff base were prepared by the interaction of chitosan with 4-(2-bromoethyl) benzaldehyde, 

followed by dehydrohalogenation under basic conditions to get vinyl derivatives. Vinyl group in the polymeric chai

polymerisation to create novel polymeric structure exhibiting catalytic biological 

and medicinal applications. Three novel chitosan Schiff bases were reported by Nadia.Q Haj etal.[42

carbaldehylde, oxazole-4-carbaldehyde and quinazoline

Antibacterial activity was studied against Gram negative and Gram-positive bacteria namely, Klabseilla pneumonia, 

Escherichia coli, Staphylococcus aureus Streptococcus mustans, and its antifungal activity was studied against fungi 

Candida albicans and Asperigillus fumigates. The chitosan Schiff bases showed significant activity against one or more 

bacterial and fungal strain and the absence of cytotoxicity was evaluated through MTT screening test.  Due to the broad 
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Its biological studies were assessed in vitro, this new aminated chitosan derivative show remarkable 

antioxidant, antibacterial, and antibiofilm property than chitosan. Evaluation of cytotoxicity and hemolytic analysis 

reported the antifungal activity of 

Ru(III) complexes, synthesised by the complexation of metal  with chitosan Schiff bases formed using the ligand 

methoxy vanillin. The antifungal study was carried out by disc diffusion method 

against fungal pathogens such as Asperigillus flavus, Aspergillus niger, Pencillinchyrogenum, Fusarium oxysporum 

II) complex show a significant antifungal activity than the 

hydroxy benzylidene) chitosan. The 

complexes were screened for antibacterial activity against bacteria like Escherichia coli and Staphylococcus aureus, 

ray diffraction study indicate that the crystallinity of chitosan 

ased by the formation of complex but the complex shows the best antibacterial activity due to the increased 

designed novel water soluble 

chiff base and its Zn (II) complex for potential application in various 

biomedical and pharmaceutical areas. In another paper in addition to Zn(II)  complexes they described the synthesis of 

ng the three complexes Cu complex show enhanced 

for pain killer, antitumor 

carboxymethyl chitosan Schiff bases and their 

has been found to exhibit good antimicrobial activity 

in medical application especially in wound dressing. Antimicrobial activity was screened against gram positive 

out by Vasak.B.Gavalyan 

bromoethyl) benzaldehyde, 

followed by dehydrohalogenation under basic conditions to get vinyl derivatives. Vinyl group in the polymeric chain 

polymerisation to create novel polymeric structure exhibiting catalytic biological 

42] by the reaction of 

carbaldehyde and quinazoline-6-carbaldehyde. 

positive bacteria namely, Klabseilla pneumonia, 

ustans, and its antifungal activity was studied against fungi 

Candida albicans and Asperigillus fumigates. The chitosan Schiff bases showed significant activity against one or more 

hrough MTT screening test.  Due to the broad 
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application of heterocyclic in medical field, M.K Yadav et al.

carboxaldehyde and 2-thiophene carboxaldehyde and screened its antibacterial activity potency agai

and gram-negative bacteria. Only 2-thiophene carboxaldehyde was found to be active against Escherichia coli.  

Synthesis and biological application of novel N, N, O

Co(II),  and Zn(II) complexes were described by Manimohan et al.

antibacterial, antifungal, anti-inflammatory

interact with CT-DNA by intercalation mechanism. 

    An innovative biomaterial, amino functionalised chitosan bearing nitro benzaldehyde was developed by EL Rafaie 

Kenway et al. [45] for biomedical application. This newly synthesised derivative revealed remarkable antioxidant, 

antibacterial, and anti-biofilm activity than chitosan, also its cytotoxicity and hemolytic analysis were also studied. 

From spectral and thermal analysis R.E.M

chelation with Cu(II), Ni(II) and Zn(II) metals and reported the cytotoxicity of complexes against MG

cancer)cells and  K562 chronic myelogenous leukemia. Function

anticancer acivity against S against cancer MG63 cell line. 

    Another eco-friendly chitosan Schiff base, based on heterocyclic moieties was prepared by Amira A. Hamed et al.

[47] from chitosan and heteroaryl py

carbaldehyde, 1-phenyl-3-(furan-2-yl)-1H

carbaldehyde, its biological activity against gram positive and gram

was evaluated.    

Figure 5: Representative images of viable S.aureus grown on different samples after 24 h of culture

 

2.2 Catalytic Applications 

    Metal complexes build up from biopolymer chitosan play a significant role as heterogeneous catalyst in various 

reactions to increase its yield and selectivity of product. The catalytic activities of synthesised complexes depend on the 

nature of ligands, metal ions and coordination sites. A review on the catalytic activity of chitosan Schiff base 

complexes reported in various reactions such as oxidation, reduction, hydrogenation, coupling reactions etc are given 

below.   

    Biopolymer chitosan anchored Schiff base Cu complexes were prepared by Yue Chang et al.

salicylaldehyde, o-nitro salicylaldehyde and m

of cyclohexane with molecular oxygen was measured. 

benzaldehyde derivative of Cu complex has high catalytic activity. 

complex of Co(II) and Pd(II) as heterogeneous catalyst for the aerobic oxidation of cyclo

solvents an reductants. Studies also proved that these complexes are efficient catalyst for the oxidation of b

and linear alkanes. In another work highly stable, active chitosan supported immine palladacycle complex was

developed by Xia Xue et al. [50] which tested as heterogeneous catalyst for Heck reaction. It was found to be a best 

choice in the C-C bond formation with high yield and regioselective for trans coupling
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application of heterocyclic in medical field, M.K Yadav et al. [43] developed chitosan derivative of 2

thiophene carboxaldehyde and screened its antibacterial activity potency agai

thiophene carboxaldehyde was found to be active against Escherichia coli.  

Synthesis and biological application of novel N, N, O- tridentate isoniazed grafted chitosan Schiff bases and its Cu(II), 

,  and Zn(II) complexes were described by Manimohan et al. [44]  The metal complexes proved to be a good 

inflammatory, antidiabetic and antioxidant drug. Also, as a good DNA binder, they 

mechanism.  

An innovative biomaterial, amino functionalised chitosan bearing nitro benzaldehyde was developed by EL Rafaie 

for biomedical application. This newly synthesised derivative revealed remarkable antioxidant, 

biofilm activity than chitosan, also its cytotoxicity and hemolytic analysis were also studied. 

From spectral and thermal analysis R.E.Malekshah et al. [46] confirmed the formation of chitosan Schiff base and its 

chelation with Cu(II), Ni(II) and Zn(II) metals and reported the cytotoxicity of complexes against MG

cancer)cells and  K562 chronic myelogenous leukemia. Functionalised chitosan and its complex exhibit better 

anticancer acivity against S against cancer MG63 cell line.  

friendly chitosan Schiff base, based on heterocyclic moieties was prepared by Amira A. Hamed et al.

from chitosan and heteroaryl pyrazole derivative namely 1-phenyl-3-(thiophene-2

1H-pyrazole-4-carbaldehyde and 1-phenyl-3-(pyridine-3

carbaldehyde, its biological activity against gram positive and gram-negative bacteria, certain fungi and its cytotoxicity 

 
Representative images of viable S.aureus grown on different samples after 24 h of culture

Metal complexes build up from biopolymer chitosan play a significant role as heterogeneous catalyst in various 

reactions to increase its yield and selectivity of product. The catalytic activities of synthesised complexes depend on the 

tal ions and coordination sites. A review on the catalytic activity of chitosan Schiff base 

complexes reported in various reactions such as oxidation, reduction, hydrogenation, coupling reactions etc are given 

ase Cu complexes were prepared by Yue Chang et al. [48

nitro salicylaldehyde and m-nitro salicylaldehyde and studied their catalytic activity in the oxidation 

of cyclohexane with molecular oxygen was measured. Among the three different catalysts the chitosan m

benzaldehyde derivative of Cu complex has high catalytic activity. J.Tong et al.[49] explored chitosan Schiff base 

complex of Co(II) and Pd(II) as heterogeneous catalyst for the aerobic oxidation of cyclohexane in the absence of 

solvents an reductants. Studies also proved that these complexes are efficient catalyst for the oxidation of b

In another work highly stable, active chitosan supported immine palladacycle complex was

which tested as heterogeneous catalyst for Heck reaction. It was found to be a best 

C bond formation with high yield and regioselective for trans coupling.  J.Liu et al
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developed chitosan derivative of 2-imidazole 

thiophene carboxaldehyde and screened its antibacterial activity potency against gram positive 

thiophene carboxaldehyde was found to be active against Escherichia coli.  

tridentate isoniazed grafted chitosan Schiff bases and its Cu(II), 

The metal complexes proved to be a good 

as a good DNA binder, they 

An innovative biomaterial, amino functionalised chitosan bearing nitro benzaldehyde was developed by EL Rafaie 

for biomedical application. This newly synthesised derivative revealed remarkable antioxidant, 

biofilm activity than chitosan, also its cytotoxicity and hemolytic analysis were also studied. 

confirmed the formation of chitosan Schiff base and its 

chelation with Cu(II), Ni(II) and Zn(II) metals and reported the cytotoxicity of complexes against MG-63(osteosarcoma 

alised chitosan and its complex exhibit better 

friendly chitosan Schiff base, based on heterocyclic moieties was prepared by Amira A. Hamed et al. 

2-yl)-1H-pyrazole-4-

3-yl)-1H-pyrazole-4- 

bacteria, certain fungi and its cytotoxicity 

Representative images of viable S.aureus grown on different samples after 24 h of culture ref [47] 

Metal complexes build up from biopolymer chitosan play a significant role as heterogeneous catalyst in various 

reactions to increase its yield and selectivity of product. The catalytic activities of synthesised complexes depend on the 

tal ions and coordination sites. A review on the catalytic activity of chitosan Schiff base 

complexes reported in various reactions such as oxidation, reduction, hydrogenation, coupling reactions etc are given 

48] using the ligands 

nitro salicylaldehyde and studied their catalytic activity in the oxidation 

he three different catalysts the chitosan m-nitro 

explored chitosan Schiff base 

hexane in the absence of 

solvents an reductants. Studies also proved that these complexes are efficient catalyst for the oxidation of bulky cyclic 

In another work highly stable, active chitosan supported immine palladacycle complex was 

which tested as heterogeneous catalyst for Heck reaction. It was found to be a best 

J.Liu et al.[51] developed 
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(chitosan-Schiff base) cobalt(II) catalyst and reported as an efficient catalyst in the oxidative carbonylation of 2

aminoalkan-1-ols  to form oxazolidin-2-ones which was an important intermediate for herbicides, pesticides and 

pharmaceuticals. Another innovative catalyst chitos

was synthesized and characterised by W. Li

reaction of acryl amide with the phenyl halide and reused up to ten 

dihydroxy benzaldehyde Schiff base complexes were synthesised by Sahar.I. Mostafa

Schiff base complexes of Fe(II), Ni(II), Co(II), Pd(II), Rh(II), and Ru(II) in the oxidation of 1

was investigated. Except for the Pd (II) complex, which has a selectivity of 55 percent, all catalysts have a high 

selectivity of 1,2- epoxy hexane formation (93

characterization and catalytic evaluation of chitosan

complexes in the Heck cross coupling  and Suzuki

catalysts showed high activity for both re

times.              

    Structural, surface, thermal and catalytic activity of three novel Cu complexes from the ligands chitosan and 

salicylaldehyde derivative namely salicyledene anili

studied by Antony et al. [55] All the Cu complexes successfully catalyse the oxidation of cyclohexane to cyclohexanol 

and cyclohexanone using eco-friendly H2O

et al. [56] synthesised three novel quadridentate Schiff base complexes [Cu(OIAC)Cl

[Ni(OIAC)Cl2] and Schiff base by the condensation of chitosan and isatin i.e.([2

chitosan. Chitosan’s thermal stability and crystallinity were reduced when it was modified as a Schiff base and then 

complexed. All the complexes show catalytic activity in the oxidation of cyclohexane to cyclohexanol and 

cyclohexanone using the oxidant hydrogen peroxide. Among the three complexes synthesised Cu complex exhibit 

higher catalytic activity, and were recycled for four times without the major loss of its activity.    Versatile magnetically

recyclable catalyst, coreshell-Fe3O4@ chitosan Schiff bas

X.Cai et al. [57] using salicylaldehyde with different substituent’s. Synthesised catalysts have been employed in 

aerobic oxidation of cyclohexane and show high catalytic efficiency with high turnov

2-cyclohexene-1-one. 

 

 

 

Fig.7. The effect of cyclohexene oxidation with different 
reaction time. Reaction conditions: cyclohexene 19.7 mmol, 
MG@NSal-Co 3.0 mg, reaction temperature 70 
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cobalt(II) catalyst and reported as an efficient catalyst in the oxidative carbonylation of 2

ones which was an important intermediate for herbicides, pesticides and 

pharmaceuticals. Another innovative catalyst chitosan-Schiff base supported palladium and cobalt bimetallic complex 

was synthesized and characterised by W. Li-xia et al. [52] Its catalytic activity and stability was tested in the coupling 

reaction of acryl amide with the phenyl halide and reused up to ten times. A heterogenous catalyst chitosan 2,4

dihydroxy benzaldehyde Schiff base complexes were synthesised by Sahar.I. Mostafa [53] The catalytic activity of 

Schiff base complexes of Fe(II), Ni(II), Co(II), Pd(II), Rh(II), and Ru(II) in the oxidation of 1-hexene to epoxy hexene 

II) complex, which has a selectivity of 55 percent, all catalysts have a high 

xy hexane formation (93-65%). B.C.E. Makhubela et al. [54] carried out the synthesis, 

terization and catalytic evaluation of chitosan- and 6-deoxy-6-amino chitosan-supported Schiff base Pd(II) 

complexes in the Heck cross coupling  and Suzuki–Miyaura reactions. Both the heterogeneous and homogeneous 

catalysts showed high activity for both reactions while the supported catalysts were recycled and reused up to five 

Structural, surface, thermal and catalytic activity of three novel Cu complexes from the ligands chitosan and 

salicylaldehyde derivative namely salicyledene aniline (1), salicyledenethiourea(2) and o-vaniledene aniline(3) were 

All the Cu complexes successfully catalyse the oxidation of cyclohexane to cyclohexanol 

O2 at ~70oC and complex 1 shows high activity.  In another work R. Antony 

synthesised three novel quadridentate Schiff base complexes [Cu(OIAC)Cl2], [Co(OIAC)Cl

] and Schiff base by the condensation of chitosan and isatin i.e.([2-oxo-1H-indol

hitosan. Chitosan’s thermal stability and crystallinity were reduced when it was modified as a Schiff base and then 

complexed. All the complexes show catalytic activity in the oxidation of cyclohexane to cyclohexanol and 

rogen peroxide. Among the three complexes synthesised Cu complex exhibit 

higher catalytic activity, and were recycled for four times without the major loss of its activity.    Versatile magnetically

Fe3O4@ chitosan Schiff base complexes of Cu(II), Co(II) and Mn(II) was developed by 

using salicylaldehyde with different substituent’s. Synthesised catalysts have been employed in 

aerobic oxidation of cyclohexane and show high catalytic efficiency with high turnover number and high selectivity for 

 
Figure 6: Oxidation of cyclohexene 

Fig.8. Reuse of the catalyst. a Reaction conditions: 
cyclohexene 19.7 mmol, MG@NSal-Co 3.0 mg, reaction 
temperature 70 ◦C, reaction time 12 h ref [57]

The effect of cyclohexene oxidation with different 
reaction time. Reaction conditions: cyclohexene 19.7 mmol, 

Co 3.0 mg, reaction temperature 70 ◦C ref [57] 

ISSN (Online) 2581-9429 

  

Technology (IJARSCT) 

              162 

cobalt(II) catalyst and reported as an efficient catalyst in the oxidative carbonylation of 2-

ones which was an important intermediate for herbicides, pesticides and 

Schiff base supported palladium and cobalt bimetallic complex 

Its catalytic activity and stability was tested in the coupling 

A heterogenous catalyst chitosan 2,4-

The catalytic activity of 

hexene to epoxy hexene 

II) complex, which has a selectivity of 55 percent, all catalysts have a high 

carried out the synthesis, 

supported Schiff base Pd(II) 

Miyaura reactions. Both the heterogeneous and homogeneous 

actions while the supported catalysts were recycled and reused up to five 

Structural, surface, thermal and catalytic activity of three novel Cu complexes from the ligands chitosan and 

vaniledene aniline(3) were 

All the Cu complexes successfully catalyse the oxidation of cyclohexane to cyclohexanol 

gh activity.  In another work R. Antony 

], [Co(OIAC)Cl2] and 

indol-3ylidene]amino) 

hitosan. Chitosan’s thermal stability and crystallinity were reduced when it was modified as a Schiff base and then 

complexed. All the complexes show catalytic activity in the oxidation of cyclohexane to cyclohexanol and 

rogen peroxide. Among the three complexes synthesised Cu complex exhibit 

higher catalytic activity, and were recycled for four times without the major loss of its activity.    Versatile magnetically 

e complexes of Cu(II), Co(II) and Mn(II) was developed by 

using salicylaldehyde with different substituent’s. Synthesised catalysts have been employed in 

er number and high selectivity for 

 

Reuse of the catalyst. a Reaction conditions: 
Co 3.0 mg, reaction 

] 
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    C.S Thatte et al. [58] synthesized chitosan

complexes which were used as excellent heterogenous catalyst in the air oxidation of β

Mn complexes show significant catalytic activi

[59] developed chitosan anchored Schiff base, (

complex found to an efficient catalyst for the oxidation of alcoho

alcohol using nontoxic ecofriendly molecular oxygen as an oxidant.  Anuradha et al. 

efficient recyclable heterogenous catalyst chitosan anchored 

complexes were prepared by the reaction of Schiff bases of aniline, p

(OAc). H2O. Best results were obtained with complexes containing electron withdrawing NO

the Lewis acidity of complex and reused up to five times.

    Synthesis of water soluble carboxymethyl chitosan Schiff bases supported by Ni

by R. Suresh et al. [61] These were tested as catalyst for oxidation reaction o

pronounced in the carboxy methyl chitosan Schiff base complexes. Talat Baran and Ayfer Mentes

versatile complex, O-carboxymethyl chitosan Schiff base Pd(

coupling reaction for the synthesis of bi-aryls and its reusability were also tested. These new materials demonstrated 

high selectivity and higher efficiency even after six cycles.   

    Anuradha et al. [63] explored two novel chitosan 

of chitosan with quinoline-2-carboxaldehyde  and 8

application  in the synthesis of 5-substituted 1H

coupling of terminal alkynes. The catalyst was recovered from the reaction medium by simple filtration and reused 

to five times. High hydrophilic surface of chito

chitosan supported aqueous phase–Pd catalysts and studied its application to the allylic substitution of (E)

ethyl carbonate by morpholine. Studies proved that the reaction rate

solid catalyst and adding cationic surfactant in the reaction medium.     An alternative for Pt based catalyst in oxygen 

reduction reaction, an electrocatalyst Fe2O3

base. It proved to be a good electrocatalyst with high efficiency, stability and a promising catalyst for fuel cells. 

 

2.3 Other Applications 

    A series of Cu (II) Schiff base complexes derived from the condensation of 

aldehydesiesalicylaldehyde, 4-hexadecyl oxy

synthesised by Xu Hui Li et al.[66]. By the formation of chitosan Schiff base the thermal stability has slightly 

increased, but the stability of its copper complex has reduced. The difference in the crystallinity and thermal stability is 

mainly due to the formation of Schiff base and its complexation with copper ion. To exploit the potential application of 
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synthesized chitosan-based Schiff base and complexed it with Mn (II), Co (

complexes which were used as excellent heterogenous catalyst in the air oxidation of β- isophorone to ketoisophorone. 

Mn complexes show significant catalytic activity and the catalyst was recycled for five times. ImtiyazRsoolParrey et al.

base, ([2-oxo-1H-indol-3-ylidene] amino) chitosan and its Cu complex. This 

complex found to an efficient catalyst for the oxidation of alcohols namely, propanol, n-butanol, n-

alcohol using nontoxic ecofriendly molecular oxygen as an oxidant.  Anuradha et al. [60] described the synthesis of an 

yst chitosan anchored Cu (II) complex for N-arylation of amines. Three different 

complexes were prepared by the reaction of Schiff bases of aniline, p-methoxy aniline and m-nitro aniline with 

. Best results were obtained with complexes containing electron withdrawing NO2 group which incr

the Lewis acidity of complex and reused up to five times. 

Synthesis of water soluble carboxymethyl chitosan Schiff bases supported by Ni2+ and Cu2+ catalyst was explained 

These were tested as catalyst for oxidation reaction of cyclohexane. Catalytic activity was more 

pronounced in the carboxy methyl chitosan Schiff base complexes. Talat Baran and Ayfer Mentes

carboxymethyl chitosan Schiff base Pd(II) and investigated their catalytic activity in suzuki 

aryls and its reusability were also tested. These new materials demonstrated 

high selectivity and higher efficiency even after six cycles.    

Table I 

explored two novel chitosan -supported Copper (II)-Schiff base complexes by the condensation 

carboxaldehyde  and 8-hydroxy quinoline-2-carboxaldehyde and described its catalytic 

substituted 1H-tetrazoles from oxime and sodium azide, as well as oxidative homo

coupling of terminal alkynes. The catalyst was recovered from the reaction medium by simple filtration and reused 

High hydrophilic surface of chitosan allowed, Francoise Quignard et al. [(64] to develop an efficient 

Pd catalysts and studied its application to the allylic substitution of (E)

ethyl carbonate by morpholine. Studies proved that the reaction rate can be increased by increasing the water content of 

solid catalyst and adding cationic surfactant in the reaction medium.     An alternative for Pt based catalyst in oxygen 

3/NCS-Mn composite was developed by Tong etal. [65] from chitosan Schiff 

base. It proved to be a good electrocatalyst with high efficiency, stability and a promising catalyst for fuel cells. 

II) Schiff base complexes derived from the condensation of chitosan with different aromatic 

hexadecyl oxy-2-hydroxy benzaldehyde and 2-hydroxy-1-napthaldehyde have been 

. By the formation of chitosan Schiff base the thermal stability has slightly 

reased, but the stability of its copper complex has reduced. The difference in the crystallinity and thermal stability is 

mainly due to the formation of Schiff base and its complexation with copper ion. To exploit the potential application of 
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Co (II), and Cu (II) 

isophorone to ketoisophorone. 

ty and the catalyst was recycled for five times. ImtiyazRsoolParrey et al. 

) chitosan and its Cu complex. This 

-hexanol and benzyl 

described the synthesis of an 

rylation of amines. Three different 

nitro aniline with Cu 

group which increases 

catalyst was explained 

f cyclohexane. Catalytic activity was more 

pronounced in the carboxy methyl chitosan Schiff base complexes. Talat Baran and Ayfer Mentes [62] developed a 

II) and investigated their catalytic activity in suzuki 

aryls and its reusability were also tested. These new materials demonstrated 

 
Schiff base complexes by the condensation 

carboxaldehyde and described its catalytic 

tetrazoles from oxime and sodium azide, as well as oxidative homo-

coupling of terminal alkynes. The catalyst was recovered from the reaction medium by simple filtration and reused up 

to develop an efficient 

Pd catalysts and studied its application to the allylic substitution of (E)- cinnamyl 

can be increased by increasing the water content of 

solid catalyst and adding cationic surfactant in the reaction medium.     An alternative for Pt based catalyst in oxygen 

from chitosan Schiff 

base. It proved to be a good electrocatalyst with high efficiency, stability and a promising catalyst for fuel cells.  

chitosan with different aromatic 

napthaldehyde have been 

. By the formation of chitosan Schiff base the thermal stability has slightly 

reased, but the stability of its copper complex has reduced. The difference in the crystallinity and thermal stability is 

mainly due to the formation of Schiff base and its complexation with copper ion. To exploit the potential application of 
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chitosan and its derivative Xue Wen Wu and Yan Xiong[67] synthesised new chitosan Schiff base and its Zn complex. 

This work describes the modification of chitosan as Schiff base by the reaction between chitosan and 3, 5- di tetra butyl 

salicylaldehyde and its chelation with zinc. An innovative work using chitosan Schiff base complexes was carried out 

by W.Lie et al. [68] for ultraviolet-assisted oxidative desulfurization (UODS).  For eliminating solubility problem of 

chitosan, Baran etal. [69] synthesised two novel O-carboxy methyl chitosan Schiff bases and its Cu(II) complexes. 

Characterisation by spectral analysis and its thermal studies indicate that the chitosan has higher crystallinity and 

thermal stability than that of the modified carboxymethyl chitosan Schiff base and its complex.   For food packing 

application Laura Higueraset al. [70] designed an antimicrobial film from chitosan, where cinnamaldehyde was 

reversibly bounded to chitosan film through Schiff base formation. The antimicrobial properties of these films were 

tested in vivo and invitro against the food borne pathogens. In another work B.Yuan et al.(71)  described the synthesis 

and characterization of  covalently  grafted chitosan Schiff base onto the surface of  L-guluronic acid and also  

explained a method for the adsorption of congo red dye an anionic dye  in a waste water treatment process.    

    R.Suresh and P.Moganavally et al. [72] reported Schiff bases of carboxymethyl chitosan/p-dimethyl amino 

benzaldehyde and its copper complexes. It has been tested for antioxidant activity by DPPH studies. The results 

summarize that the complexes are less toxic and have excellent antioxidant activity.  In this research work, a new 

cinnamyl chitosan Schiff base was tested as antioxidant material by abdelrazik et al. [73] The antioxidant activity was 

tested by two methods ie hydroxyl and alkyl free radical scavenger was determined by rotational viscometry methods 

and its free radical scavenger activity by ABTS method. Results show that the hydrogen donation effect was depressed 

after coupling with cinnamaldehyde and electron donating behaviour was enhanced in cinnamyl chitosan Schiff base.  

F.S.Matty et al. [74] synthesised Co(II), Ni(II), and  Cu(II)  complex of schiff base by the reaction of chitosan with O-

nitro benzaldehyde and this compound were characterized by spectral analysis and thermogravimetric analysis. 

Versatile applications of chitosan Schiff base as eco-friendly inhibitor for mild steel corrosion in 1M HCl was found 

out by R. Menaka and Subhashini [75]. The chitosan schiff base inhibitor get adsorbed and form a protective layer on 

the mild steel which reduces the metallic corrosion. For removing Co (II) ion from aqueous, AL. Shashrani H et al. [76] 

investigated chitosan vanillin (polymer I) and chitosan- ortho vanillin (polymer II) adsorbents under various conditions. 

Effect of various factors like temperature, pH, adsorbent mass, contact time and intial concentration of ion on the 

sorption process was verified. At pH 4 the maximum removal of 93.2o/o of Co (II) was achieved. This study indicates 

that the new modified chitosan polymers are good adsorbents for the treatment of waste water. 

    P. Supriya Prasad and ThandapaniGomathi [77] carried out research work for the modification of chitosan as Schiff 

base using salicylaldehyde. To generate novel properties and applications this chitosan Schiff base (CSB) was further 

modified with polyethylglycol (PEG) to form CSB/PEG blend. Chemical structure and properties were confirmed by 

FTIR, XRD, SEM, porosity water uptake retention measurements etc. and the result analysis confirmed the amorphous 

nature of the synthesised CSB/PEG blend. Series of chitosan Schiff bases N-benzylidene  chitosan, 4-dimethyl 

aminobenzylidene chitosan and 4-nitro benzylidene chitosan and their complexation with Cu2+,Zn 2+ and Ni2+ were 

reported by Fernanda StuaniPereire et al. [78]  X-ray diffraction pattern showed that the modification of chitosan Schiff 

base and its complexation decrease the crystallinity, due to the deformation of strong H-bonds by the formation of co-

ordination of bond between metal ions and Schiff base, the new bond formation enhance its thermal stability.Novel 

eco-friendly antifouling biocides, polyelectrolyte grafted chitosan Schiff base was designed by R.F.M Elsharawfet al. 

[79] These developed ionic liquid chitosan N-salicylidenes were screened for their ability to inhibit Staphylococcus/ 

Escherichia biofilms and also incorporated into the paint matrix to formulate antifouling coating. These materials were 

proved to be a powerful eradicator against green, brown and red macro algae settlement.  To eliminate the health issues 

caused by metal ions, an effective low cost and eco-friendly adsorbent, novel magnetic epichlorohydrin crosslinked 

chitosan Schiff base was developed by G.Yuvaraj et al. [80] for the removal of Cu(II) ions from waste water.  

    Another modification of chitosan as chitosan methylene bridge Schiff base was carried out by Ahmad Fatoni et 

al.[81] using the ligand 4,4-diamino diphenyl ether vanillin. It involves the reaction between chitosan and vanillin 

derivative to form the Schiff base, which was linked by methylene bridge by the reaction with HCHO through casting 

method. Ansari et al.[82] developed a new green corrosion inhibitor for the oil and gas industries using chitosan schiff 
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base derived from the ligand salicylaldehyde. Computational studies, in addition to experimental studies, are published, 

and the DFT method was also used to achieve a theoretical estimate of the inhibition. Methyl orange an anionic dye 

even at low concentration can cause severe ecological issues, its removal from the aqueous environment was achieved 

by G.Yuvaraja et al.[83] using a novel, eco-friendly and highly potential sorbent aminated chitosan Schiff base 

(ACSSB@ZnO). The results revealed that highest sorption capacity was found to be 111.11 mg/g at 323 K and the 

kinetic data followed pseudo-second order and Langmiur model. Another attempt for the removal of anionic dyes like 

methyl orange using a new heterocyclic based chitosan Schiff base was made by A.S. Manchaiah and V. 

Badalamoole[84]. Influence of intial concentration of dye, pH and contact time were carried out. Desorption studies 

indicate the kinetic and thermodynamic aspects as well as its reusability.  

 

III. CONCLUSION 

    Chitosan, which can be easily functionalized by using the reactivity of the primary amino group as well as the 

primary and secondary hydroxyl groups, has a wide range of applications. The aim of this review is to improve 

understanding of the significance of chitosan modifications as chitosan schiff bases and its complexes. The pre-

modifications on chitosan such as carboxymethylation and carboxyethylation have led to the synthesis of water-soluble 

chitosan schiff bases. According to the study, the crosslinking reaction of chitosan through schiff base formation is very 

important, which is very desirable for a variety of biomedical applications. The biological applications of chitosan 

schiff bases are numerous, as this analysis demonstrates, but the functional applications are yet to come. Because of 

their chelation effect, chitosan schiff bases have played an important role in the preparation of stable metal catalysts in 

heterogeneous catalysis. Improvements are still needed because chitosan schiff base-based catalysts are only reusable in 

a few cases. As the chelating ligands, chitosan schiffbasaes have been a good resource for the heavy metal adsorption 

and removal of dyes in the waste water treatment process. Chitosan Schiff base complexes have attracted a lot of 

attention in recent years, owing to their numerous applications in adsorbents, medicine and pharmaceuticals, catalyst 

systems, and environmental applications in general. However, there is still a need to investigate these complexes of 

different properties and applications, as well as to synthesise new complexes with additional applications. 

 

REFERENCES 

[1] R.S.Varma, “Greener approach to nanomaterials and their sustainable applications. Current Opinion in 

Chemical Engineering”, vol.1, pp.123–128, 2012 

[2] MG Rao, Bharathi P, RM Akila. “A comprehensive review on biopolymers”, Scientific Reviews and 

Chemical Communications;4(2):8, 2014 

[3] L Zhang, B Li ,XH Meng, L Huang, D.F Wang, “Degradation of four organophosphorus pesticides catalyzed 

by chitosan-metal coordination complexes”, Environmental Science and Pollution Research, vol.22(19), 

pp.15104-12, 2015. 

[4] M. N. V. Ravi Kumar, “A review of chitin and chitosan applications,” Reactive and Functional Polymers, vol. 

46, no. 1, pp. 1–27, 2000. 

[5] I. Aranaz, N. Acosta, and A. Heras, “Encapsulation of an Agrobacterium radiobacter extract containing D-

hydantoinase and D-carbamoylase activities into alginate–chitosan polyelectrolyte complexes: preparation of 

the biocatalyst,” Journal of Molecular Catalysis B: Enzymatic, vol. 58, no. 1–4, pp. 54–64, 2009. 

[6] M. Dash, F. Chiellini, R. M. Ottenbrite, and E. Chiellini, “Chitosan—a versatile semi-synthetic polymer in 

biomedical applications,” Progress in Polymer Science (Oxford), vol. 36, no. 8, pp. 981–1014, 2011.  

[7] C. K. S. Pillai, W. Paul, and C. P. Sharma, “Chitin and chitosan polymers: chemistry, solubility and fiber 

formation,” Progress in Polymer Science, vol. 34, no. 7, pp. 641–678, 2009. 

[8] R A AMuzzarelli, Some modified Chitosan and their applications Chitin Handbook, edited by RAA 

Muzzarelli and MG Peter (European Chitin Society, Italy) vol.1, pp.47-52.1997. 

[9] H.Sashiwa, S.Aiba,. “Chemically modified chitin and chitosan as biomaterials”, Progress in Polymer Science, 

vol.29, pp.887, 2004 



IJARSCT   ISSN (Online) 2581-9429 

     

 

          International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

 

 Volume 7, Issue 1, July 2021 

 
 

Copyright to IJARSCT       DOI: 10.48175/IJARSCT-1619                  166 
 www.ijarsct.co.in  

     Impact Factor: 4.819 

[10] K. Kurita, “Controlled functionalisation of the polysaccharide chitin”, Progress in Polymer Science, vol.26, 

pp.1921, 2001. 

[11] M.Morimoto, H. Saimoto; H.Usui,;Y.Okamoto,  S.Minami,  Y.Shigemasa,“Control of chitin and chitosan by 

chemical modification. Trends Glycoscienceand Glycotechnology, 14, 205, 2002. 

[12] K. Kurita, S. Mori, Y. Nishiyama, M. Harata, Polymer Bullets, vol.48, pp.159-166, 2002. 

[13] J. E. Santos, E. R. Dockal, É. T. G. Cavalheiro, Carbohydrate Polymer, vol. 60, pp. 277–282,2005. 

[14] Luciana SimionattoGuinesi, Elder Tadeu Gomes, Cavalheiro, Carbohydrate Polymer.vol.65, pp.557-561, 

2006. 

[15] T. Becker, M. Schlaak, H. Strasdeit, Reactive and functional polymers, vol. 44, pp.289-298, 2000. 

[16] R.B.NBaig; M.N Nadagouda,;R.S Varma, “Ruthenium on chitosan: A recyclable heterogeneous catalyst for 

aqueous hydration of nitriles to amides”, Green Chemistry,vol.16, pp.2122, 2014. 

[17] M.Lamblin, L.Nassar-Hardy, J.CHierso, E.Fouquet, F.XFelpin, “Recyclable heterogeneous palladium 

catalysts in pure water: Sustainable developments in suzuki, heck, sonogashira and tsuji-trost reactions”. 

Advanced synthesis.Catalalysis, 352, pp.33–79, 2010. 

[18] Y.Zhao, J.S Tian, X.H Qi, Z.N.Han,, Y.Y, Zhuang, L.N He, L, “Quaternary ammonium salt-functionalized 

chitosan: An easily recyclable catalyst for efficient synthesis of cyclic carbonates from epoxides and carbon 

dioxide”. Journal of Molecular Catalalysis A: Chemical,Vol.271, pp.284–289, 2007. 

[19] K.Martina, S.E.S Leonhardt, B.Ondruschka,, M.Curini, A.Binello  and GCravotto, “In situ cross-linked 

chitosan Cu(I) or Pd(II) complexes as a versatile, eco-friendly recyclable solid catalyst,”  Journal of Molecular 

Catalalysis A: Chemical,  334(1-2): pp.60–64, 2011.       

[20] E.D.SJosé E, R..D Edward  and T.G.CÉder , “Synthesis and characterization of Schiff bases from chitosan and 

salicylaldehyde derivatives”, Carbohydrate.Polymers,.,vol. 60, I3 pp. 277–282, 2005. 

[21] J.M.Liu, W.Sun, S.Z.Zheng and C.G.Xia, “Efficient Synthesis of Oxazolidine-2-one via (Chitosan-Schiff 

base) cobalt(II)- Catalyzed Oxidative Carbonylation of 2- Aminoalkan-1-ols”, Helvetica Chimica Acta, 

Vol.90, No.8, pp 1593-1598, 2007. 

[22] [22] R.M.Wang, N.P.He, P.F.Song, Y.F.He,L.Ding and Z.Q.Lei,” Preparation of Nano-Chitosan Schiff 

Base Copper Complexes and Their Anticancer Activity, Polymers for Advanced Technology”,Vol.20, No.12, 

pp 959-964, 2009. 

[23] X.Jin, J. Wang and J.Bai, “Synthesis and antimicrobial activity of Schiff base from Chitosan and Citral”, 

Carbohydrate research, vol.344(6), pp.825-9, 2009.        

[24] R.M. Wang, N-P He, P-FSong, Yu-Feng He, L.Ding, and Z Lei, “Preparation of low-molecular-weight 

chitosan derivative zinc complexes and their effect on the growth of liver cancer cells in vitro”, Pure and 

Applied Chemistry, Vol. 81, No. 12, pp. 2397–2405, 2009.    

[25] X.Yin,J.Chen,W.Yuan,Q.Lin,L.JiandF.Liu, “Preparation and antibacterial activity of Schiff bases from O-

carboxymethyl chitosan and para-substituted benzaldehydes”,  Polymer Bullets, vol.68, pp.1215–1226, 2012. 

[26] E. A. Soliman, S.M El-Kousy, H.M. Abd-Elbary and A.R. Abou-zeid, “Low Moleular weight Chitosan-based 

Schiff Bases: Schiff Bases: Synthesis, Charaecterization and Antibacterial Activity”, American Journal of 

Food Technology,vol.8 (1) pp. 17-30, 2013. 

[27] A. B. Dholakia1, J.B. Dholakiya and D.Y. Mehta, “Synthesis, characterization and application of novel 

biopolymeric Schiff base from chitosan and 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carboxaldehyde”, 

Pelagia Research Library DerChemicaSinica, vol.4(5), pp.96-101, 2013. 

[28] Vadivel T, Dhamodaran M and Singaram K, Antibacterial Activities of Palladium (II) Complexes Derived 

from Chitosan Biopolymer Schiff Base, Journal of Bacteriology and Mycology, vol.2(2), pp.1018, 2015. 

[29] R. Suresh, M. Deepa, P. Moganavally and P.N. Sudha, “A Study on Biological and Catalytic Activity of CSB 

Derivative and its Cobalt and Nickel Complexes”, Oriental JournalofChemistry, vol. 32, o. (5),pp. 2509-2516, 

2016. 



IJARSCT   ISSN (Online) 2581-9429 

     

 

          International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

 

 Volume 7, Issue 1, July 2021 

 
 

Copyright to IJARSCT       DOI: 10.48175/IJARSCT-1619                  167 
 www.ijarsct.co.in  

     Impact Factor: 4.819 

[30] P.Jelinkova, Z.Koudelkova, V. Milosavljevic, P.Horky, P.Kopel, and V.Adam, Utilization ofselenium 

nanoparticleswith Schiff base Chitosan as Antibacterial agents”,in MENDELNET, 2016 pp.989-993. 

[31] A. M. Khalil, R. A. Abdel-Monem, O. M. Darwesh, A. I. Hashim, A. A. Nada,and S. T. Rabie, Synthesis, 

Characterization, and Evaluation of Antimicrobial Activities of Chitosan and Carboxymethyl Chitosan Schiff-

Base/Silver Nanoparticles, Hindawi Journal of Chemistry,vol. 2017, Article ID 1434320, 11 pages. 

[32] E.L.deAraújoa, H.F.G.Barbosaa, E.R.Dockal, É. T. G.Cavalheiroa, “Synthesis, characterization and biological 

activity of Cu(II), Ni(II) and Zn(II) complexes of biopolymeric Schiff bases of salicylaldehydes and chitosan”, 

International Journal of Biological Macromolecules, vol.95, pp.168-176, 2017. 

[33] Hellen Franciane Gonçalves Barbosa ID ,MahaAttjioui , Ana Paula Garcia Ferreira , Edward Ralph Dockal  

ID , Nour Eddine El Gueddari , Bruno M. Moerschbacher ,*ID and ÉderTadeu Gomes Cavalheiro , 

“Synthesis, Characterization and Biological Activities of Biopolymeric Schiff Bases Prepared with Chitosan 

and Salicylaldehydes and their Pd(II) and Pt(II) Complexes”, Molecules, vol.22, pp.1987, 2017 

[34] W. Liu, Y.Qin, S.Liu, R.Xing, H. Yu, X. Chen, K. Li, andP.Li, “Synthesis of C-coordinated O-carboxymethyl 

chitosan metal complexes and evaluation of their antifungal activity”, Scientific Reports,vol.8, pp.4845, 2018. 

[35] M.A.Hassan, A. M. Omer, Abbas, W.M.A. Basetand T.M. Tamer, “Preparation, physicochemical 

characterization and antimicrobial activities of novel two phenolic chitosan Schiff base derivatives”, Scientific 

Reports,vol.8, pp.11416, 2018. 

[36] El-R. Kenawy, S. S. Ali, M. Al-Etewy, J. Sun, J. Wu, N. El-Zawawy, “Synthesis, characterization and 

biomedical applications of a novel Schiff base on methyl acrylate-functionalized chitosan bearing p-

nitrobenzaldehyde groups”, Biomac,2018. 

[37] T. Vadivela, M. Dhamodaranb, S.Kulathoorana, M.Kavithaa and K. Amirthaganesanan, “In Vitro Evaluation 

of Antifungal Activities by Permeation of Ru(III) Complexes Derived from Chitosan-Schiff Base Ligand”, 

Current Applied Polymer Science, vol.3, pp.1-9,2019. 

[38] N Hidayati, Fatma, and W Purwaningrum, “Synthesis and characterization schiff base and complexes with 

Copper (II) and Iron (II) and their application as antibacterial agents”, Journal of Physics: Conference. Series 

1282, 012074,2019. 

[39] M,Murugaiyan, S. P.Manib and M. A.Sithique, “Zinc (II) centered biologically active novel N, N, O donor 

tridentate water-soluble hydrazide-based O-carboxymethyl chitosan Schiff base metal complexes: synthesis 

and characterisation, New J. Chem”, vol. 43, pp.9540, 2019. 

[40] A.M. Omer, Y.A. Ammar, A. Mohamed, Y. M. Abd elbaky1, and T. M. Tamer, “Preparation of 

Isatin/chitosan Schiff base as Novel Antibacterial Biomaterials”, Egyptian Journal of Chemistry, vol. 62, 

Special Issue (Part 1), pp. 123- 131, 2019. 

[41] V. B. Gavalyan, “Synthesis and characterization of new chitosan-based Schiff base compounds”, 

Carbohydrate Polymers, vol.02, pp.76, 2016. 

[42] N. Q Haj, M. O. Mohammed and L. E Mohammood, “Synthesis and Biological Evaluation of Three New 

Chitosan Schiff Base Derivatives”, ACS Omega,vol.5, pp.13948-13954, 2020. 

[43] M.K. Yadav, S. Pokhreland P. N, Yadav, “Novel chitosan derivatives of 2-imidazolecarboxaldehyde and 2-

thiophenecarboxaldehyde and their antibacterial activity”, Journal of Macromolecular Science, Part A, vol.57, 

pp.703-710, 2020. 

[44] M.Manimohan, R.Paulpandiyan, S.Pugalmani, and M. A.Sithique, “Biologically active Co (II), Cu (II), Zn (II) 

centered water soluble novel isoniazid grafted O-carboxymethyl chitosan Schiff base ligand metal complexes: 

Synthesis, spectral characterisation and DNA nuclease activity”, International Journal of Biological 

Macromolecules, vol.163, pp.801-816, 2020. 

[45] El-R.Kenawy, S. S. Ali, M. Al-Etewy, Jianzhong Sun, Jian Wu, Nessma El-Zawawy, Synthesis, 

characterization and biomedical applications of a novel Schiff base on methyl acrylate-functionalized chitosan 

bearing p-nitrobenzaldehyde groups, International Journal of Biological Macromolecules, vol.122, pp.833-

843, 2019. 



IJARSCT   ISSN (Online) 2581-9429 

     

 

          International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

 

 Volume 7, Issue 1, July 2021 

 
 

Copyright to IJARSCT       DOI: 10.48175/IJARSCT-1619                  168 
 www.ijarsct.co.in  

     Impact Factor: 4.819 

[46] R. E.Malekshah, F.Shakeri , A.Khaleghianand M. Salehi, “Developing a biopolymeric chitosan supported 

Schiff-base and Cu(II), Ni (II) and Zn(II) complexes and biological evaluation as pro-drug”, International 

Journal of Biological Macromolecules”, vol.152, pp. 846-861, 2020. 

[47] A. A. Hamed,I.A. Abdelhamid, G. R. Saad, N. A. Elkady, and M. Z. Elsabee “Synthesis, characterization and 

antimicrobial activity of a novel chitosan Schiff bases based on heterocyclic moieties”, International Journal of 

Biological Macromolecules, vol.153, pp.492-501, 2020. 

[48] Y.Chang, Y. Wang, F.Zha and R. Wang, “Preparation and catalytic properties of chitosan bound Schiff base 

copper complexes”, Polymer for AdvancedTechnolgies, vol.15, pp.284–286, 2004. 

[49] J. Tong, Z. Li, and C. Xia, “Highly efficient catalysts of chitosan-Schiff base Co(II) and Pd(II) complexes for 

aerobic oxidation of cyclohexane in the absence of reductants and solvents”, Journal of Molecular Catalysis A: 

Chemical,vol.231, pp.197–203, 2005. 

[50] X.Xua, P. Liub, S.Lib, P.Zhangb and X.  Wang, “ Chitosan supported Imine Palladacycle complex and its 

catalytic performance for Heck Reaction,  Reaction Kinetics and Catalysis Letter Vol. 88, No. 2, 217−223, 

2006. 

[51] J. Liu, W. Sun, S. Zheng, and C. Xia, “Efficient Synthesis of Oxazolidin-2-one via (Chitosan-Schiff Base) 

cobalt (II)- Catalyzed Oxidative Carbonylation of 2-Aminoalkan-1-ols”, Helvetica Chimica Acta, Vol. 90, 

2007. 

[52] W. Li-xiaa , W. Zi-weia , W. Guo-songa , L. Xiao-donga and R. Jian-guoa, “Catalytic performance of 

chitosan-Schiff base supported Pd/Co bimetallic catalyst for acrylamide with phenyl halide”, Polymers for 

Advanced  Technologies,vol.21, pp. 244–249, 2010. 

[53] S. I.Mostafa, N. A.Anan, S. M.Hassan, and E.M.Saad.“Preparation and characterization of new chitosan 2,4- 

dihydroxybenzaldehyde Schiff-base complexes; catalytic epoxidation of 1-hexene in presence of H2O2” 

Inorganic Chemistry An Indian Journal,vol.5(4), pp.205-214, 2010. 

[54] B.C.E. Makhubela, A. Jardine, and G. S. Smith, “Pd nanosized particles supported on chitosan and 6-deoxy-6-

amino chitosan as recyclable catalysts for Suzuki–Miyaura and Heck cross-coupling reactions”, Applied 

Catalysis A: General vol.393,  231–241, 2011. 

[55] R. Antony,S. Theodore David, K.Karuppasamy, K. Saravanan, S. Thanikaikarasan , and S. Balakumar, 

“Structural, Surface, Thermal and Catalytic Properties of Chitosan Supported Cu(II) Mixed Ligand Complex 

Materials”, Journal of Surface Engineered Materials and Advanced Technology, vol.2, pp.284-291, 2012. 

[56] R.Antony, S. Theodore David, K. Saravanan, K. Karuppasamy, and S. Balakumar, “Synthesis, 

spectrochemical characterisation and catalytic activity of transition metal complexes derived from Schiff base 

modified chitosan”, Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy,vol.103, pp.423–

430, 2013. 

[57] X. Cai, H. Wang, Q.Zhanga, J.Tong, and Z. Lei, “Magnetically recyclable core–shell Fe3O4@chitosan-Schiff 

base complexes as efficient catalysts for aerobic oxidation of cyclohexene under mild conditions”, Journal of 

Molecular Catalysis A: Chemical vol.383, pp.217–224, 2014. 

[58] C. S.Thatte, M. V.Rathnam, and A. C.Pise, “Chitosan-based Schiff base-metal complexes (Mn, Cu, Co) as 

heterogeneous, new catalysts for the β-isophorone oxidation”, Journal of  ChemicalSciences,vol. 126, no. 3, 

pp. 727–737, 2014. 

[59] I. R.Parrey, A. R. Bhat, and A. A. Hashmi, “Catalytic Activity of Benzyl alcohol Using Modified Chitosan 

Schiff base Cu(II) Metal Complex”, International Journal of Scientific & Engineering Research, vol. 5, Issue 

10, October-2014. 

[60] Anuradha, S. Kumari and D. D. Pathak, “Synthesis and development of Chitosan anchored Copper(II) Schiff 

base complexes as heterogeneous catalysts for N-arylation of amines”, Tetrahedron Letters,vol.56(27), 

pp.4135-4142, 2015. 



IJARSCT   ISSN (Online) 2581-9429 

     

 

          International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

 

 Volume 7, Issue 1, July 2021 

 
 

Copyright to IJARSCT       DOI: 10.48175/IJARSCT-1619                  169 
 www.ijarsct.co.in  

     Impact Factor: 4.819 

[61] R. Suresh, M. Deepa, P. Moganavally and P.N. Sudha, “A Study on Biological and Catalytic Activity of CSB 

Derivative and its Cobalt and Nickel Complexes”, Oriental Journal of Chemistry, vol. 32(5), pp. 2509-2516, 

2016. 

[62] T. Baran and A.Menteş, “Cationic palladium (II) catalysts on Ocarboxymethyl chitosan Schiff base for Suzuki 

coupling reactions”, Journalof Macromolecular Science, Part A: Pure and Applied Chemistry, vol. 53, no. 11, 

pp.687–690, 2016. 

[63] Anuradha, S.Layek, B.Agrahari, and D. Deo Pathak,“Chitosan-Supported Copper (II) Schiff Base Complexes: 

Applications in Synthesis of 5-Substituted 1H-Tetrazoles and Oxidative Homo-Coupling of Terminal 

Alkynes”, ChemistrySelect, vol.2, pp.6865 – 6876, 2017. 

[64] [64] F.Quignard, A.Choplin, and A.Domard, “Chitosan: A Natural Polymeric Support of Catalysts for the 

Synthesis of Fine Chemicals”, Langmuir,vol.16, pp.9106-9108, 2000. 

[65] J. Tong, Y. Li, L. Bo, W. Wang, T.Li and Q. Zhang, “Core-Shell Fe3O4@NCS-Mn Derived from Chitosan-

Schiff Based Mn Complex with Enhanced Catalytic Activity for Oxygen Reduction Reaction”, 

Catalysts,vol.9, pp.692, 2019. 

[66] T.F. Jiao, J. Zhou, J.X. Zhou, L.H. Gao, Y.Y. Xing, and X.H. Li, “Synthesis and Characterization of Chitosan-

based Schiff Base Compounds with Aromatic Substituent Groups”, Iranian Polymer Journal, vol. 20 (2), 

pp.123-136. 2011. 

[67] X. W. Wu, and Y.Xiong, “Preparation and characteristics of novelty chitosan Schiff base and its Zinc 

complexes”, Advanced Materials Research, vol. 239-242,  pp.1364-1367, 2011. 

[68] W. Lei, L.Shuzhen, C.Haijun, X. Yanyan, W. Xihui and C.Yujing, “Ultra-deep desulfurization of fuel with 

metal complex of Chitosan Schiff Base assisted by ultraviolet”, Fuel,vol.94, pp.165–169, 2012.  

[69] T. Baran, A. Mentes, and H. Arslan, “Synthesis and characterization of water soluble O-carboxymethyl 

chitosan Schiff bases and Cu(II) complexes”, International Journal of Biological Macromolecules, vol.12, 

pp.94-103, 2014. 

[70] L.Higueras, G. L.Carballo,  R. Gavaraand P. Hernández-Muñoz, “Reversible Covalent Immobilization of 

Cinnamaldehyde on Chitosan Films via Schiff Base Formation and Their Application in Active Food 

Packaging”, Springer Science-Food and Bioprocess Technology, 2014. 

[71] B.Yuana, L.G.Qiub, H.Z.Suc, C.Caoa “and J. Jiang, Schiff base – Chitosan grafted l-monoguluronic acid as a 

novel solid-phase adsorbent for removal of congo red”,  International Journal of Biological Macromolecules, 

vol.82, pp.355-360, 2016  

[72] R. Suresh, P. Moganavally, M. Deepa and P. N. Sudha, “Synthesis Characterization and Biological activity of 

carboxymethyl chitosan/p-dimethyl amino benzaldehyde metal complexes”, Journal of Chemical and 

Pharmaceutical Research, vol.7(5), pp.1044-1049, 2015. 

[73] T M Tamer, K.Valachová, M. S. Mohyeldin, and L.Soltes, “Free Radical Scavenger Activity of Cinnamyl 

Chitosan Schiff Base”, Journal of Applied Pharmaceutical Science,vol. 6 (01), pp. 130-136, January, 2016. 

[74] M.A. Al-Issa, A. A. Abbas, and F. S. Matty, “Synthesis and Characterization of Schiff Base Derived From 

Chitosan and Its Complexes With (Co+2, Ni+2 and Cu+2)”, Ibn Al-Haitham Journal for Pure & Applied 

Science,vol. 29 (2), 2016. 

[75] R. Menaka& S. Subhashini, Chitosan Schiff base as eco-friendly inhibitor for mild steel corrosion in 1 M HCl, 

Journal of Adhesion Science and Technology, 2016. 

[76] Al-ShahraniH. ,Alakhras F., Al-Abbad E.1 , AL-Mazaideh G. , Hosseini-Bandegharaei A., and Ouerfelli N., 

Sorption of Cobalt (II) Ions from Aqueous Solutions Using Chemically Modified Chitosan, Global NEST 

Journal, Vol 20, No 3, pp 620-627, 2018. 

[77] P. S. Prasad, T.Gomathi and P.N. Sudha, “Synthesis and Characterization Chitosan Schiff Base (CSB) and its 

Polyethylene Glycol (PEG) Blend”, International Journal of Novel Trends in Pharmaceutical Sciences, vol.7, 

no.2, April 2017. 



IJARSCT   ISSN (Online) 2581-9429 

     

 

          International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

 

 Volume 7, Issue 1, July 2021 

 
 

Copyright to IJARSCT       DOI: 10.48175/IJARSCT-1619                  170 
 www.ijarsct.co.in  

     Impact Factor: 4.819 

[78] F.S. Pereira, S.Lanfredi, E. R. P. Gonza´lez1, D. L. S. Agostini, H. M.Gomes,and R. S.Medeiro, “Thermal and 

morphological study of chitosan metal complexes”, Journal of Thermal Analysis Calorimetry, vol.129, 

pp.291–301, 2017. 

[79] R. F.M. Elshaarawya, F. H.A. Mustafac, L.Geelend, A. E.A. Abou-Talebe, H.R.Z. Tadrose, R.Kalscheuer, and 

C.Janiak, “Mining marine shell wastes for polyelectrolyte chitosan anti-biofoulants: Fabrication of high-

performance economic and ecofriendly anti-biofouling coatings”, Carbohydrate Polymers,vol.172, pp. 352–

364, 2017. 

[80] G.Yuvaraj, Y. Zhang, Z.W.Zhang, and X. Jiao, “Magnetic-epichlorohydrin crosslinked chitosan schiff’s base 

(m-ECCSB) as a novel adsorbent for the removal of Cu(II) ions from aqueous environment”, International 

Journal of Biological Macromolecules, vol.97, pp.85-98, 2017. 

[81] A.Fatoni, P. L.Hariani, Hermansyah, and A.Lesbani, “Synthesis and Characterization of Chitosan Linked by 

Methylene Bridge and Schiff Base of 4,4-Diaminodiphenyl Ether-Vanillin”, Indonesian Journal of Chemistry, 

vol.18 (1), pp.92 –101, 2018. 

[82] K.R. Ansari, D.S. Chauhan, M.A. Quraishi, M.A.J. Mazumder, and A. Singh, “Chitosan Schiff base: an 

environmentally benign biological macromolecule as a new corrosion inhibitor for oil & gas industrvolies”, 

vol.144, pp.305-315,2019. 

[83] G. Yuvaraja, D.Y. Chen, J. L. Pathak, J. Long, M. V.Subbaiah, J.C. Wen, C.L. Pan, “Preparation of novel 

aminated chitosan schiff’s base derivative for the removal of methyl orange dye from aqueous environment 

and its biological applications”, vol.09, pp.236, 2019. 

[84] A.S. Manchaiah and V. Badalamoole, “Novel heterocyclic chitosan-based Schiff base: evaluation as adsorbent 

for removal of methyl orange from aqueous solution”, Water and Environment Journal, 0 pp.1–10,2019. 


