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Abstract: Five series of cationic polysaccharide Schiff bases surfactant [AQ10-18] were synthesized by the reaction between 

different five Schiff bases (which prepared by condensation of fatty amine namely: decyl, dodecyl, tetradecyl, hexadecyl and 

octadecyl amine and 4-pyridine carboxaldehyde) and polysaccharide sulfate as quaternizing agent. Also, their complexes with 

different transition metals including Ni
2+

, Co
2+

, Cu
2+

 and Fe
3+

 were synthesized. The chemical structures of these surfactants 

were confirmed using elemental analysis, FTIR spectra, UV spectra, 1H-NMR and atomic absorption spectroscopy. The 

studied surfactants were evaluated as antimicrobial agents against pathogenic and sulfate reducing bacteria using inhibition 

zone diameters. The synthesized cationic polysaccharide Schiff bases surfactant showed good antimicrobial activities against 

the tested microorganisms including Gram positive, Gram negative, yeast and fungi. The effect of the structure of these 

cationic surfactants and their metal complexes of Ni
2+

, Co
2+

, Cu
2+

 and Fe
3+

 on the cell membrane is discussed as well as their 

potent action on the targeted bacteria, yeast and fungi. 
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1. Introduction 

An important class of cationic surfactants is the quaternary 

ammonium salt which is used within specialized areas such 

as fabric softeners, hair conditioners, and antimicrobial 

agents [1, 2]. Unfortunately, most quaternary ammonium 

cationics available today share some common disadvantages 

limiting their use. First of all, they show a poor compatibility 

with other materials, because exposure to anionic surfactants 

and soaps inhibits their action by forming insoluble 

complexes [3]. The mode of action of quaternary ammonium 

compounds on microorganism destruction includes 

denaturizing of proteins and interference with glycolysis. 

This causes membrane damage and also alters the vital 

permeability features of the cell structure. The similarity in 

chemical structure of quaternary ammonium compounds and 

cellular constituents enhances their destructive action 

towards microorganisms. Co-ordination compounds exhibit 

different characteristic properties which depend on the metal 

ion to which they are bound, the nature of the metal as well 

as the type of ligand, etc. These metal complexes have found 

extensive applications in various fields of human interest. 

The nature of a coordination compound depends on the metal 

ion and the donor atoms, as well as on the structure of the 

ligand and the metal–ligand interaction [4]. 

Natural occurring compounds are those compounds which 

occur in different organisms, animals, plants or 

microorganisms. These compounds are different and widely 

spread in the plant and animal kingdoms. One of the most 

widespread compounds in the plant kingdom is 

polysaccharide which extracted from Egyptian aloe vera. In 

this study, naturally occurring polysaccharide was chemically 

modified into cationic surface active agents containing 
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hydrocarbon chains with different lengths. The biocidal 

activity of the produced cationic polysaccharide derivatives 

and their metal complexes were determined. 

2. Materials and Methods 

2.1. Chemicals 

Fatty amines (decyle amine, dodecyle amine, tetradecyle 

amine, hexadecyle amine and octadecyle amine) were 

purchased from Sigma (99%), aldehydes (4-pyridine 

carboxaldehyde) purchased from (Aldrich, 97%), Sulfuric 

acid (ADWIC, 99%), Di methyl formamide (ADWIC, 99%), 

ethyl alcohol (ADWIC, 99%), Nickel Chloride (BDH, AR), 

Cobalt Chloride (BDH, AR), Ferric Chloride (BDH, AR), 

Copper Sulfate (BDH, AR). 

2.2. Instrumentation 

Elemental analysis: Vario Elementar Analyzer; IR 

spectroscopy: Perkin Elmer FTIR System (Genesis Fourier 

Transformer FTIR
TM

) in the 4000-400 cm
-1

 region using KBr 

disks; 
+
H-NMR spectroscopy: Varian NMR-300, Mercury 

300 MHz spectrometers in CDCl3 solvent and TMS as 

internal standard and the chemical shifts reported in δ (ppm); 

Ultra violet Perkin-Elmer S52 spectrophotometer. 

2.3. Synthesis 

2.3.1. Synthesis of Cationic Surfactants of Schiff Base 

Derivatives 

Cationic form of the synthesized Schiff bases were 

obtained throughout direct interaction between equimolar 

ratios of the synthesized Schiff bases (which prepared by 

condensation of fatty amines namely: decyl, dodecyl, 

tetradecyl, hexadecyl and octadecyl amine and 4-pyridine 

carboxaldehyde) and polysaccharide sulfate as quaternizing 

agent. The reaction mixture was refluxed for (12-24) hours, 

and then left overnight for complete precipitation of the 

cationic quaternary ammonium compounds. The product was 

filtered and recrystallized for three times from ethanol to 

produce the pure cationic Schiff base surfactants AQ10, AQ12, 

AQ14, AQ16 and AQ18 [5], Figure 1. 

 
Figure 1. Synthesis of cationic surfactants of Schiff base derivatives. 
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2.3.2. Synthesis of Transition Metal Complexes of Cationic 

Schiff Base Amphiphiles 

All the metal complexes were synthesized by following 

general procedure. The corresponding metal salt (NiCl2, 

CoCl2, FeCl3, CuSO4) and appropriate amount of cationic 

Schiff base amphiphiles in 1:2 molar ratios (in case of Ni
2+

, 

Co
2+

, Cu
2+

) and in 1:3 molar ratio in case of (Fe
3+

) were 

dissolved in ethanol and refluxed for 6 hours. On cooling at 

room temperature, cationic Schiff base metal complexes were 

precipitated. The products were filtered under suction, 

washed with cold ethanol and finally with anhydrous diethyl 

ether and kept in a desiccator over fused CaCl2 [6], Figure 2. 

 

 
Figure 2. Synthesis of transition metal complexes of cationic Schiff base Amphiphiles. 

3. Analyses 

Microelemental analyses were done using Vario Elementar 

instrument, FTIR spectroscopic analyses were done using 

Fourier-transform infrared spectrophoto-meter, 
1
H-NMR 

spectroscopic analyses were done using Bruker model DRX-

300 NMR spectrometer with TMS as an internal standard and 

atomic absorption spectroscopy (AAS) were done using 

Hitachi 180/80 atomic absorption spectrometer. 

4. Results and Discussion 

4.1. Chemical Structure 

Chemical structure of the synthesized cationic Schiff bases 
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surfactant and their metal complexes were confirmed using 

elemental analyses, FTIR spectroscopy, 
1
H- NMR 

spectroscopy and UV spectra as follows: 

4.1.1. Elemental Analyses 

The elemental analysis of the synthesized Schiff base and 

cationic Schiff base amphiphiles showed that the expected and 

found values of the different elements are very close to each 

other, indicating the purity of the synthesized compound. 

4.1.2. FTIR Spectroscopy 

a. The IR spectra of polysaccharide sulfate showed a broad 

band at 3420 cm
-1

 corresponding to OH alcohol group. Also 

band at 2927 cm
-1

 and also band at 1060 cm
-1

 corresponding 

to ether group. These entire previous bands characteristic the 

polysaccharide. There are two bands at 1152 cm
-1

 and 612 

cm
-1

 corresponding to S=O and S-O respectively which 

indicate the presence of sulfonate group. 

b. The IR spectra of Schiff bases compound showed 

complete disappearance of the absorption band at νC=O at 

1735 cm
-1

 and also the appearance of a new sharp band at 

ν
　C=N  　 at 1635-1660cm

-1
. That indicates the completion of 

the condensation reaction between the fatty amines and 4–

pyridine carboxaldehyde. The IR spectra of the synthesized 

Schiff base compounds showed two characteristic bands at 

2920 cm
-1

 and 2850 cm
-1

 corresponding to the stretching of 

the methylene groups (CH2) and also the methyl groups 

(CH3), respectively, corresponding to the alkyl chains of the 

fatty amines. Also, a broad band at 935-987 cm
-1

 was 

appeared characterized the (C-H) stretching of the aromatic 

pyridine nucleus in the synthesized compounds. 

c. The IR spectra of compounds (AQ10, AQ12, AQ14, AQ16 

and AQ18) showed two specific bands were appeared at 3130 

cm
-1

 and 1450 cm
-1 

corresponding to the vibration and 

elongation of [N
+
] group. 

4.1.3. 
1
H- NMR Spectroscopy 

The 
1
H- NMR spectroscopic analysis were performed for 

polysaccharide (aloe) to determine their actual structure. It 

showed the following signals: 

The published data concerning NMR spectra of 

polysaccharide extracted from Aloe represent several 

characteristic signals at: δ (ppm) = 1.2, 1.4, 1.8, 2.2, 3, 3.4, 

3.6, 3.8, 4.2, 4.6, 5 and 5.2 ppm. That is due to the complex 

structure of the polysaccharide. 

The extracted polysaccharide form the Egyptian Aloe Vera 

was analyzed by NMR spectra and showed the following 

spectra: δ (ppm) =1.2 pm, 2.1 ppm, 4.2 ppm, 3.8 ppm and 3.6 

ppm. That is in a good agreement with the published data [7-

8]. Some signals were disappeared due to the differences of 

the substituents in the chemical structures of the two types of 

the polysaccharides. 

The NMR spectra of the synthesized cationic Schiff base 

surfactant (representatively for AQ12), showed the appearance 

of additional two signals at δ (ppm) = 0.88 ppm and 3.38 

ppm. These two characteristic signals are assigned to the 

terminal methyl group of the fatty amine moieties (CH3) and 

the second at 3.38 ppm is assigned for the azomethine proton 

(-CH=N-). The figure also showed increase in the integration 

of the signal at 1.2 ppm, which is attributed to the presence of 

the methylene groups of the fatty amine moiety (CH2) n. 

The data obtained from the NMR spectra proved the 

chemical structures of the synthesized surfactants as 

represented in Figure 1. 

4.1.4. UV Spectra 

UV spectra were recorded with a Perkin-Elmer S52 

spectrophotometer. The quaternization and complex 

formation was confirmed by the appearance of new bands in 

UV spectra. Table 1 

Table 1. UV adsorption maxima of cationic polysaccharide Schiff bases surfactant and their metal complexes. 

Compound λ max (nm) Compound λ max (nm) 

AQ10 742.5, 258.0, 200.0 AQ16 254.0, 229.5 

AQ10Ni 743.5, 257.0, 229.5 AQ16Ni 740.0, 255.5, 229.5 

AQ10Co 739.0, 256.5, 229.5 AQ16Co 738.5, 255.5, 229.5 

AQ10Fe 739.0, 255.0, 229.0 AQ16Fe 739.5, 252.0, 229.5 

AQ10Cu 740.5, 256.5, 229.5 AQ16Cu 739.0, 255.5, 229.0 

AQ12 258.0 AQ18 739.5, 255.5, 229.5 

AQ12Ni 546.0, 256.0 AQ18Ni 742.0, 256.0, 229.5 

AQ12Co 739.0, 203.0 AQ18Co 257.0, 229.5 

AQ12Fe 739.5, 254.0 AQ18Fe 741.0, 255.5, 229.5 

AQ12Cu 739.5, 203.0 AQ18Cu 740.5, 256.0, 229.5 

AQ14 202.0   

AQ14Ni 738.0, 256.5, 229.5   

AQ14Co 738.0, 255.5, 222.5   

AQ14Fe 740.5, 258.0, 229.5   

AQ14Cu 739.5, 262.0, 229.0   

 

4.2. Measurements 

Antimicrobial activity of the synthesized cationic Schiff 

base surfactants and their metal complexes: 

The synthesized cationic surfactants and their metal 

complexes were screened for their antimicrobial activity 

against bacteria and fungi using the agar-well-diffusion 

method [9-10]. The bacterial strains were cultured on a 

nutrient medium, while the fungi strains were cultured on a 

malt medium. For bacteria, the broth media were incubated 

for 24 h. As for fungus, the broth media were incubated for 

approximately 48 h, with subsequent filtering of the culture 

through a thin layer of sterile Sintered Glass G2 to remove 
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mycelia fragments before the solution containing the spores 

was used for inoculation. 

The bacterial cell membrane is composed of a thick wall 

containing many layers of peptidoglycan and Teichoic acids, 

which are glycerol ribitol (polyhydric alcohol) through a 

phosphorus bond surrounded by lipids of lipopolysaccharides 

and proteins
 
[11-13]. It is believed from the recent studies on 

cationic surfactants that they have an excellent bactericidal 

activity
 

[14], which depends on the hydrophobic chain 

length, the surface activity and the dosage of these cationics. 

The results of the biocidal activities of the synthesized aloe 

vera Schiff base surfactants (table 2), it is clear that AQ10 

showed higher inhibition zones diameter than the blank (cetyl 

trimethyl ammonium bromide) for all bacterial, yeast and 

fungal strains but AQ12, AQ14, AQ16 and AQ18 showed lower 

inhibition zones diameter than the blank. The biocidal 

activity of these surfactants can explain according to the 

diffusion mechanism and the surface adsorption mechanism: 

1- Diffusion mechanism: 

The adsorbed Schiff base amphiphiles on the cellular 

membranes are ease the penetration of the nonpolar chains of 

these amphiphiles into these membranes. The charged head 

groups are also stabilized that penetration by the interaction 

with the charges on these membranes. These charged either 

negative or positive charge depending on the bacterial genera 

(gram +ve/gram -ve). These charges are appeared originally 

from the presence of teichoic acids or peptidoglycan in these 

membranes. The penetration of the hydrophobic chains 

within the bacterial or fungal cell membranes and the 

neutralization of their surface charge disturb their selective 

permeability towards the outer environment. That leads to the 

penetration of several components to the cellular cytoplasm 

including counter ions and combination occur with the 

(nucleic acids) DNA and RNA. Hence, the biological 

reactions disturbed which cause death for these 

microorganisms
 
[15-16]. 

2- Surface adsorption mechanism:- 

The adsorption of amphiphilic molecules on the outer 

cellular membrane of the microorganism due to their 

amphipathic characteristics. In addition, the similarity 

between the hydrophobic chains and the lipid layers and the 

building units of the cell membranes and the monosaccharide 

in these compounds facilitates that adsorption [17]. The 

adsorption of these molecules at the cellular membranes 

reaches its maximum extent at a higher dose (5 mg/mL), 

leading to a complete coverage of the membrane by the 

surfactant molecules, which are able to penetrate it. 

Furthermore, the positive charges in the cationic molecules 

neutralize the negative charges on the bacterial cell 

membranes. Accordingly, the selective permeability which 

characterizes the outer cellular membrane is completely lost. 

Hence, the vital transportation of essential components for 

cell bioreactions and activities is disturbed. This causes the 

death of these microorganisms. The high adsorption tendency 

of these cationics increases their penetration through the 

cellular membrane, with a boost in activity
 
[18-19]. 

Table 2 revealed that the hydrophobic chain length of the 

cationic surfactants plays an important role in their biological 

activities against the targeted microorganisms. It is clear that 

increasing the hydrophobic chain length decreases the 

biocidal activity of these compounds. This could be related to 

the increase in their adsorption tendency upon decreasing 

their hydrophobic chain length. Several researchers have 

dealt with the mode of action of these types of compounds on 

different microorganisms [20, 21]. 

Table 2. Antimicrobial activities in terms of inhibition zone diameter (mm/mg) of the synthesized cationic polysaccharide Schiff bases surfactant against gram 

positive, gram negative bacteria, yeast, fungi and Desulfomonas pigra. 

Compounds 

Bacteria 
Yeast Fungi 

Desulfomonas 

pigra 

Gram positive Gram negative 

Bacillus 

subtilis 
Micrococcus sp. 

Pseudomonas 

aeruginosa 
Sarcina sp. 

Candida 

albicans 

Aspergillus 

niger 

Standard (CTAB) 12.3 12.3 12.3 12.3 12.3 11.6 25 

AQ10 25 42 24 48 25 30 14 

AQ12 15 23 14 12 14 0 14 

AQ14 12 18 15 20 0 0 14 

AQ16 10 11 13 10 0 0 13 

AQ18 8 15 15 16 0 0 10 

 

On the other hand, the biocidal activities of the metal 

complexes of the synthesized cationics (Ni-complexes as 

representative sample) were found to increase remarkably 

compared with their parent cationics (Table 2); this could be 

attributed to the increase in their adsorption tendency at 

interface. Analyzing the potent action of the synthesized 

derivatives containing different metal ions (Ni
2+

, Co
2+

, Fe
3
 and 

Cu
2+

) allows us to conclude that the atomic configuration of 

the metal ions has a considerable influence on the biocidal 

activities of these compounds (Table 3). The biological activity 

results in (Table 3) reveal that the activity was increased by 

increasing the ionic volume. The biocidal activity was 

increased in the following sequence: Cu
2+

 > Co
2+

 > Ni
2+

 > Fe3
+
. 

This can be explained by the electronegativity and the atomic 

radii of these ions. Ni
2+

, Co
2+

, and Fe
3+

 ions are a smaller ion, 

which increases their attraction for the halogen atoms; hence 

their complexes with the ligands will be polar in nature. The 

polarity will restrict their penetration through the cellular 

membranes of the microorganisms. That limits the potent 

action on these cells. On the other hand, Cu
2+

 ion is a 

comparatively large ion and the distribution of the positive 

charges in its outer shell will decrease its electronegativity. 

Hence, its complexes with the parent cationics are neutral 

which facilitates their penetration through the cellular 
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membrane and subsequently increases its biocidal activity [4]. 

Table 3. Antimicrobial activities in terms of inhibition zone diameter (mm/mg) of the synthesized metal complexes of cationic polysaccharide Schiff bases 

surfactants against gram positive, gram negative bacteria, yeast, fungi and Desulfomonas pigra. 

Compounds 

Bacteria 
Yeast Fungi 

Desulfomonas 

pigra 

Gram positive Gram negative 

Bacillus 

subtilis 

Micrococcus 

sp. 

Pseudomonas 

aeruginosa 
Sarcina sp. 

Candida 

albicans 
Aspergillus niger 

Ni- complexes 

AQ10-Ni 23 35 30 45 23 25 13 

AQ12-Ni 17 30 16 10 35 25 17 

AQ14-Ni 0 11 12 16 0 0 13 

AQ16-Ni 0 16 11 0 0 0 12 

AQ18-Ni 20 17 13 0 0 0 10 

Co- complexes 

AQ10-Co 26 47 35 46 27 27 14 

AQ12-Co 20 40 20 10 0 15 18 

AQ14-Co 22 20 15 15 0 0 18 

AQ16-Co 21 20 15 20 0 0 12 

AQ18-Co 24 22 18 24 0 0 15 

Fe- complexes 

AQ10-Fe 24 25 40 40 23 0 13 

AQ12-Fe 0 0 0 0 0 0 14 

AQ14-Fe 0 14 11 15 0 0 14 

AQ16-Fe 0 16 10 0 0 0 0 

AQ18-Fe 0 0 13 0 0 0 0 

Cu- complexes 

AQ10-Cu 32 40 45 50 30 30 14 

AQ12-Cu 20 13 0 0 0 16 15 

AQ14-Cu 15 11 30 0 0 0 14 

AQ16-Cu 0 25 24 32 0 0 12 

AQ18-Cu 15 0 30 0 0 0 10 

 

5. Conclusion 

The synthesized cationic Schiff bases surfactant and their 

metal complexes were tested against different strain of 

bacteria using inhibition zone diameters and showed good 

antimicrobial activities against the tested microorganisms. 

Antimicrobial activity of the parent cationic Schiff bases 

surfactant exhibited high efficiency against the tested 

microorganisms compared to the drug reference used 

(cetyltrimethylammonium bromide). The high antimicrobial 

activity of the parent cationic Schiff bases surfactant and 

their metal complexes can be referred to several factors 

including chemical structural factors and surface factors. 

Chemical structural factors including the type of 

polysaccharide extracted from Egyptian aloe Vera, the 

benzene ring nucleus, sulfate group and hydrophobic chain 

length. The surface factors include the effectiveness, 

efficiency, surface pressure and surface area. 

When the hydrophobic chain length of the surfactant Schiff 

base decrease, the number of adsorbed surfactant molecules at 

the cell membrane interface increase. Hence, the positively 

attached head group on the bacterial cell membrane increased 

and therefore the biocidal activity of the synthesized cationic 

Schiff bases surfactant increase. Also, when the hydrophobic 

chain length decreases, the values of minimum surface area of 

these compounds decrease. Hence, the area at which the 

hydrophobic chains will penetrate is so small area. That leads to 

great influence of these chains up on penetration in a small area. 

As a result the synthesized cationic Schiff bases surfactant 

molecules which have shorter hydrophobic chain length are 

adsorbed by a high population and small area at the cellular 

membrane which will ease their penetration into the membrane 

and consequently increase their biocidal activity 

Antimicrobial activity was strongly increased by 

Complexation of this cationic Schiff bases surfactant with Cu 

(II), Co (II), Ni (II) and Fe (III) ions. In general the biological 

activity of the Complexation cationic Schiff bases surfactant 

was increased by increasing the ionic volume, Cu
2+

 > Co
2+

 > 

Ni
2+

 > Fe3
+
. 
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