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 Abstract: Natural polymers are often non-toxic, biodegradable, biocompatible, and 
safe. A novel ligand was synthesized as a natural polymer using chitosan and oleander 
plant extract [(2R,3S,4R,5S)-5-(acetoxyamino)-4-hydroxy-3,6-dimethoxytetrahydro-
2H-pyran-2-yl) methyl (16R)-3-(((2S,4S,5R)-4-methoxy-2,5-dimethyltetrahydro-2H-
pyran-2-yl)oxy-10,13,16-trimethyl-17-(5-oxo-2,5-dihydrofuran-3-yl) hexadecahydro-
14H-cyclopenta [a] phenanthren-14-yl) phthalate] (Chitosan-Ph-Oleander). This 
ligand and its complexes with several metals  (Cr+3, Mn+2, Fe+3, Ni+2, Cu+2, Zn+2) were 
characterized using FTIR, UV-visible and 1H-NMR spectroscopy, as well as by molar 
conductivity, magnetic moment, and TGA analysis. The biological activity for the 
prepared polymer and its complexes was studied to inhibit the effectiveness of some 
bacteria found in polluted water taken from hospitals wastewater. The effectiveness 
of inhibition was tested on Fusarium oxysporum fungus, which causes wilting, 
rotting and seedling death diseases in various types of plants. The elemental and 
spectral investigation results showed that all prepared compounds had octahedral 
geometry. Compared to the free ligand, all metal complexes showed discernible 
antibacterial activity. The zinc(II) complex, in comparison to other metal complexes, 
showed higher antibacterial activity against Faecal streptococci bacteria (G+) and 
Pseudomonas aeruginosa bacteria (G−). In addition, the inhibition rate of the 
effectiveness of the F. oxysporum fungus reached ~50%. 
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■ INTRODUCTION 

Biological contaminants including several micro-
organisms can interfere the other life forms. The most 
common transmission mode of these organisms is the 
fecal–oral pathway, where the major biological 
contaminants include pathogenic bacteria, coliforms, and 
Fecal streptococci [1-3]. 

Chitosan is produced by living organisms like fungi 
and crustaceans (whose shells serve as biomass) [4]. 
Chitosan is a non-toxic, biocompatible, and 
biodegradable polymer with antibacterial properties. 
Chitosan is the second most abundant non-synthetic 
biopolymer. Most chitosan studies have been used to 
remediate wastewater [5]. On the other hand, chitosan has 
been extensively used in synthesis research studies as a 

functional polymer or a supporting matrix [6]. Amino 
and hydroxyl groups found in chitosan can interact with 
the functional groups of the template molecule. 
However, chitosan’s fundamental weaknesses (poor 
mechanical strength) must be remedied to improve its 
chemical and physical properties [4]. Recently, chitosan 
has been used in various studies as an unconventional 
adsorbent to remove metallic pollutants with high metal 
adsorption affinities [7-8], as well as for the development 
of novel materials for wastewater treatment [9]. 

Apocynaceae is a family of evergreen, lovely 
flowering shrubs that includes Nerium oleander, known 
as karabi. N. oleander’s blooms have four lobes and they 
are funnel-shaped. They bloom in clusters in terminal 
branches and are either white or pink. The bark extract 
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of N. oleander has been found to contain a variety of plant 
secondary metabolites, including steroids, terpenoids, 
flavonoids, cardenolides, cardiac glycosides, and long-
chain esters. Massive biological effects have been noted, 
including cardiac tonic, diuretic, cytotoxic, antibacterial, 
anti-platelet aggregation, anti-inflammatory, 
hepatoprotective, anticancer, anti-hyperlipidemic, anti-
ulcer, and anti-depressant action in the central nervous 
system [10]. Plant extracts are rich in phytochemicals, 
which operate as reducing and stabilizing agents and 
demonstrate antibacterial activity against some bacterial 
and fungal strains. Plant components, including roots, 
leaves, stems, seeds, and fruits, have also been employed 
for nanoparticle manufacturing [11]. The plant extracts 
were economically and environmentally sustainable, 
opening up new opportunities for water treatment, 
biosensors, and nanotechnology [12]. The present work 
described the synthesis of some transition metal 
complexes using chitosan and oleander plant extract as 
ligands and then studied the ligand’s antibacterial activity 
and its metal complexes against two types of bacteria 
found in polluted water. 

■ EXPERIMENTAL SECTION 

Materials 

The oleander leaves were obtained from the 
University of Baghdad gardens in Al-Jadriya and sent to 
Ibnu Sina Company in the Ministry of Industry and 
Minerals to obtain the oleander extract. Chitosan (90%, 
Glentham, United Kingdom), acetic anhydride (99% 
B.D.H), phthalic anhydride (99% B.D.H), ethanol (99% 
B.D.H), and metal salts of (CrCl3·H2O, MnCl2·4H2O, 
FeCl3, NiCl2·6H2O, CuCl2·2H2O, and ZnCl2, B.D.H) were 
used in this study. 

Instrumentation 

GMMallen Kampm measured the melting points of 
the synthesized compounds. MF-370 devised electro-
thermal was measured at the University of Baghdad, 
College of Sciences for Women. SHIMADZU FTIR 8400S 
Fourier transform within the wavenumber region 
between 4000 and 400 cm−1 using KBr disc and 4000 and 
200 cm−1 using CsI disc was used to test Fourier transform 

infrared (FTIR) spectra. The UV-visible spectra at 200–
1100 nm were measured using a SHIMADZU 1800 
double-beam UV-vis spectrophotometer at the 
University of Baghdad. 1H-NMR tested using a Bruker 
Ultra Shield 500 MHz in Tehran University (Iran). 
Thermal analyses (TGA) of samples were performed 
under nitrogen atmospheres at a heating range of (0–
800 °C) and a heating rate of 20 °C/min using STA500-
Germany in Tehran University (Iran). Molar 
conductivity measurements (μs/cm) out using LASSCO 
Digital Conductivity Meter for metal complexes 
(10−3 M) in ethanol at room temperature (25 °C). 
Magnetic moments (eff. B.M) were measured according 
to Faraday’s method using Bruker magnet B.M-6 for the 
prepared complexes in the solid state at room 
temperature (25 °C). 

Procedure 

Synthesis of [(2R,3S,4R,5S)-5-(acetoxyamino)-4-
hydroxy-3,6-dimethoxytetrahydro-2H-pyran-2-
yl)methyl (16R)-3-(((2S,4S,5R)-4-methoxy-2,5-
dimethyltetrahydro-2H-pyran-2-yl)oxy-10,13,16-
trimethyl-17-(5-oxo-2,5-dihydrofuran-3-yl) 
hexadecahydro-14H-cyclopenta[a] phenanthren-14-
yl)phthalate]. (Chitosan-Ph-Oleander) ligand 

To prepare Chitosan-Ph-Oleander, 2 g (0.0135 mol) 
of chitosan (off-white color) powder was dissolved in 
30 mL of glacial acetic acid (5% v/v) with continuous 
stirring at room temperature. A solution of 1 M NaOH 
was added to reach pH 4. In a water bath, 2 mL of acetic 
anhydride was added and refluxed with continuous 
stirring at 60–75 °C for 6 h [13]. 

The second was the reaction of the mixture with 
0.827 g of phthalic anhydride dissolved in 10 mL of 
DMF, for 6 h at 70 °C. In the last step, the product was 
reacted with 0.7315 g of oleander extract dissolved in 
ethanol for 6 h at 70 °C. The product was dried at room 
temperature (25 °C) for a whole night before being 
washed with diethyl ether (Scheme 1). 

Synthesis of Chitosan-Ph-Oleander complexes 
The Chitosan-Ph-Oleander complexes were 

prepared at a ratio of 1:1 from the ligand to the element, 
whereby 0.1732 g (0.001 mol) of the ligand was dissolved 
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Scheme 1. Preparation of ligand (Chitosan-Ph-Oleander) 

 
in 5 mL of distilled water and 20 mL of absolute ethanol 
with continuous stirring. Then, the mixture was added by 
the corresponding weight of 0.001 mol for element salt 
that dissolved in 10 mL of absolute ethanol with heating 
at 45 °C for 3 h. 

Inhibition activity of ligands and complexes test 
In this work, and for studying the biological 

effectiveness of the compounds that were prepared on 
each (F. streptococci and P. aeruginosa) in contaminated 
water. These compounds were applied using different 
concentrations (250, 500, and 1000 μg/mL) on each of the 
bacteria above [12]. The number of bacteria in 
contaminated water before and after applying these 

compounds was calculated using the aerobic bacteria 
total count (ABTC) method. 

■ RESULTS AND DISCUSSION 

FTIR Spectra of L and Its Complexes 

Specific vibrations of chemical bonds or functional 
groups within molecules appear as FTIR spectra peaks 
(Fig. 1). KBr in the 4000–400 cm−1 and CsI in the 4000–
250 cm−1 range were used to determine the experimental 
and theoretical structure of the Chitosan-Ph-Oleander 
ligand and its complexes. The two absorption peaks at 
2819 and 2929 cm−1 were due to the asymmetric 
stretching of chitosan by –CH3 and –CH2, respectively. 
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Due to –NH symmetry and O–H stretching, the signal at 
3433–3176 cm−1 in ligand spectra was identified [4]. 

New bands at 1691–1716 cm−1 may be attributed to 
ν(COO) stretching vibrations [14], whereas bands in the 
area 3433–3454 cm−1 may be assigned to ν(OH) modes. 
For Chitosan-Ph-Oleander ligand, the bands at 1413 and 
1614–1634 cm−1 can be attributed to C–N and C=O 
amide, respectively [15]. The ν(C–N) and ν(C=O) 
frequencies often rise during complexation. The 
coordination of the metal ion to the nitrogen of the amide 
group and the carbonyl oxygen of the carboxylate group 
could account for these frequency shifts relative to the 
bands of the ligand. Bands that emerge at 414–487 and 
520–597 cm−1 were attributed to ν(M–N) and ν(M–O), 
respectively [16]. The Chitosan-Ph-Oleander ligand 

appears to behave as a neutral tetradentate ligand, with 
metal(II) ions bonding through four oxygen atoms, two 
for the ester carbonyl groups, one for the amide group 
and one for pyran ring of chitosan (see Table 1, Fig. 1 
and 2). 

The UV-vis Electronic Spectra of L and Its 
Complexes 

Intense absorption at 277 nm (36101 cm−1) in the 
UV-vis spectrum of L was ascribed to the n→π* 
transition, while intense absorption at 206 nm 
(48543 cm−1) was ascribed to the π→π* transition [17] 
and three bands appeared for complexes Fig. 3. Table 2 
described the physical properties of the ligand and its 
complexes. Meanwhile,  in  Table 3,  information  can be  

Table 1. FTIR spectra of the Chitosan-Ph-Oleander and its complexes 
Compound ν(OH) ν(COO) ester ν(CO–NH) amide ν(CH2–CH) ν(M–O) ν(M–Cl) 

L 3433 1691 1639 2929 
2962 

-  

CrL 3444 1704 1614 
2929 
2860 557 314 

MnL 3444 1714 1614 2923 
2854 

582 324 

FeL 3444 1697 1614 2927 
2819 

580 327 

NiL 3454 1716 1614 
2925 
2856 597 316 

CuL 3446 1716 1622 2925 
2856 

514 316 

ZnL 3450 1693 1614 2927 
2856 

551 312 

 
Fig 1. The FTIR spectrum for ligand 
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Fig 2. The FTIR spectrum for CuL complex 

 
Fig 3. Electronic spectrum of (a) L and (b) CrL complex 

 
Table 2. Physical properties of the ligand and its 
complexes 

Compounds m.p. (°C) Color 
L 180–182 Greenish brown 
FeL 218–220 Yellowish brown 
CuL 195–197 Green 
MnL 200–202 Light brown 
CrL 260–262 Olive 
NiL 190–192 Yellowish green 
ZnL 210–212 Greenish brown 

found on the spectra, magnetic moments, and molar 
conductivity of all metal complexes of the ligand in 
ethanol. 

Three bands, corresponding to 6A1g→4T1g(G), 
6A1g→4T2g(G), and 6A1g→4A2g+Eg(G) were seen for the 
Mn(II) complex at 664, 606, and 503 nm with 15060, 
16501, and 19880 cm−1 respectively. 

The spectrum of Cr(III) complex olive showed 
three  absorption  bands at 978, 664,  and  574 nm 10224,  
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Table 3. The UV-vis electronic spectra, molar conductivity, spectral parameters, and μeff of L and its complexes 
Comp. Wavelength (nm) Wavenumber (cm−1) Assignments Molar cond. μeff (B.M) Structure 
L 277 

206 
36101 
48543 

n→π* 
π→π* 

- - - 

Cr-L 978 
664 
575 

10224 
15060 
17391 

4A2g→4T2g 
4A2g→4T1g 
4A2g→4T1g 

24.5 3.7 Octahedral 

Mn-L 664 
606 
503 

15060 
16501 
19880 

6A1g→4T1g(G) 
6A1g→4T2g(G) 

6A1g→4A2g+4Eg(G) 

10.2 5.2 Octahedral 

Fe-L 966 
664 
366 

10351 
15060 
27322 

6A1g→4T1g 
6A1g→4T2g 

6A1g→4A1g+4Eg 

27.5 5.6 Octahedral 

Ni-L 890 
662 
450 

11235 
15105 
22222 

3A2g→3T2g 
3A2g→3T1g(F) 
3A2g→3T1g(P) 

7.3 2.3 Octahedral 

Cu-L 652 
394 
284 

15337 
25380 
35211 

2Eg→2T2g 
C.T 

Intra ligand 

4.8 1.2 Octahedral 

Zn-L 343 
218 

29154 
45871 

C.T 
Intra ligand 

9.8 Diamagnetic Octahedral 

 
Scheme 2. The geometrical structure of (a) [MLCl2]·xH2O and (b) [MLCl2]Cl·xH2O 

 
15060 and 17391 cm−1 assigned to 4A2g→4T2g, 4A2g(F)→4T1g 
and 4A2g(F)→4A2g transitions, suggesting an octahedral 
geometry. The spectrum of Fe(III) complex showed three 
bands at 966, 664, and 366 nm, with 10351, 15060, and 
27322 cm−1 assigned to 6A1g→4T1g, 6A1g→4T2g, and 
6A1g→4A1g+4Eg, respectively, suggesting an octahedral 
geometry; the magnetic moment value is 5.6 BM (Scheme 
2(b)). Ni(II) complex spectrum showed three bands at 890, 
662, and 450 nm with 11235, 15105, and 22222 cm−1 

assigned to 3A2g→Eg, 3A2g→3T2g, 3A2g→3T1g(F), and 
3A2g→3T1g(P) transition, respectively. The magnetic 
moment value was 2.3 BM, suggesting an octahedral 
geometry (Scheme 2(a)). Cu(II) complex spectrum 
showed one band at 652 and 394 nm with 15337 and 
15380 cm−1, assigned to 2Eg→2T2g and C.T transition, 
respectively. The magnetic moment value was 1.2 BM 
suggesting an octahedral geometry [18] (Scheme 2(a)). 
The magnetic moment value was diamagnetic for Zn(II) 
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complex, which was attributed to metal-to-ligand charge 
transfer, but the spectra show no d-d electronic 
transitions in the visible region. The absorption bands 
were located at 343 and 218 nm with 29154 and 
45871 cm−1 assigned to C.T transition and intra ligand, 
respectively [19] (Scheme 2(a)). 
1H-NMR Spectrum 

One of the most essential tools for studying 
substances and their structures is 1H-NMR [20]. The 1H-

NMR technique was used to characterize the synthetic 
polymer and its complexes. Fig. 4 and Table 4 showed 
that the methylene protons (H, cyclohexyl CH2) 
corresponded to a signal at 1.12–1.43 ppm, and a signal 
at 1.80–2.99 ppm corresponded to methylene and methyl 
protons [21]. Proton of NH amide was observed at 6.87–
7.85 ppm [22]. Amide-containing compounds are 
among the best examples for clearing the solvent 
influence on the N–H hydrogen NMR chemical shifts 
[23]. The protons of the aromatic ring are represented by 

 
Fig 4. 1H-NMR spectrum of (a) L and (b) FeL 
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Table 4. 1H-NMR spectral data of L and FeL complex 
Chemical shifts (ppm) Assignments in DMSO 

1.12–1.43 Methylene of cyclohexyl protons 
1.80–2.99 Methylene and methyl protons 
6.87–7.85 Amide proton 
8.01–10.09 Hydroxyl group proton 
7.38–8.04 Ar–H proton 

a multiplet at 7.38 to 8.04 ppm. The spectrum of the CuL 
and FeL complexes reveal this change to be accurate at the 
amide group, which gave a signal at 3.25 and 4.17 ppm for 
these complexes, respectively. Also, it showed a signal for 
the hydroxyl group at 8.01–10.09 ppm, whereas the 
methylene proton was represented by 4.40 ppm. CH-
aliphatic protons were referred to as a quintet at 4.71 ppm 
[24]. 

TGA 
TGA was frequently used to understand the effects 

of temperature and time on the weight of polymeric 

materials. Polymeric materials can undergo weight 
changes due to decomposition and oxidation reactions 
and physical processes, including sublimation, 
evaporation, and desorption [25]. TGA curves of L and 
two complexes were illustrated in Fig. 5 and Table 5. The 
result of ligand presents three stages of weight loss 
(degradation patterns). Dehydration was the cause of the 
initial degradation, which begins at 20 °C and lasts until 
temperatures beyond 150 °C and manifests as a 6.3–
8.5% weight loss. The existence of hydrogen bonds 
between functional groups in both polymer and chitosan 
and water molecules was the cause of the extended 
weight loss of water beyond 100 °C. The decomposition 
of chitosan main chains was responsible for the second 
weight loss, which starts at about 200 °C and results in a 
weight loss of roughly 50%. The natural polymer chain 
remnants go through a third step of decomposition that 
ranges from 40%. At roughly 800 °C, the ligand and their 
complexes lose ~85% of their total weight. About 15% of  
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Fig 5. TGA analysis for (a) L, (b) CuL, and (c) FeL 

Table 5. Thermal analyses data for L (Chitosan-Ph-Oleander), CuL, and FeL complexes 
Compound Dissociation stages Temp. range (°C) Weight loss (%) Stable phase 

L 
Stage I 20–150 6.3 Dehydration 
Stage II 200–375 46.2 Chitosan main chains 
Stage III 375–800 38.9 Natural polymer chain residues 

[CuLCl2]·xH2O 
Stage I 20–150 8.5 Dehydration 
Stage II 150–340 42.5 Chitosan main chains 
Stage III 340–800 42.5 Natural polymer chain residues 

[FeLCl3]·xH2O 
Stage I 20–175 7.5 Dehydration 
Stage II 175–375 50.9 Chitosan main chains 
Stage III 375–800 34.2 Natural polymer chain residues 

 
the compounds were still left over, and this residue was 
essentially the result of inorganic complexes, including C, 
N, and O. The literature suggested similar multi-
degradation behavior for chitosan [26-28]. 

Studying of Biological Activity against Bacteria 
Types Found in Polluted Water 

Antibacterial activity 
Since human-specific enteric pathogens are more 

likely to be present in water polluted with human feces 
than animal feces, this is usually thought to pose a larger 
risk to human health [29-30]. Fecal waste contamination 
makes water unsuitable for drinking and contact 
recreation. Warm-blooded animals’ intestines contain 
naturally occurring bacteria that have been used to detect 
fecal contamination. At different times, total coliforms, 
fecal coliforms, and F. streptococci have all been utilized as 
indications of pollution. The Gram-negative, obligatory 

aerobic, rod-shaped bacteria P. aeruginosa is a member 
of the Pseudomonadaceae family. Although P. aeruginosa 
can develop in several environments, it prefers moist 
surroundings [31], even though many studies have 
focused on the characterization of clinical isolates from 
patients with P. aeruginosa infections. Few researchers 
examined the destiny and incidence of fluoroquinolone-
resistant P. aeruginosa in clinical wastewater and in the 
downstream wastewater path [32]. 

Results of the antibacterial action of ligand and its 
metal complexes were described, and photographs of 
growth inhibition zones were illustrated in Fig. 6. 
Chitosan-Ph-Oleander ligand and its complexes CrL, 
MnL, FeL, NiL, CuL, and ZnL showed good antibacterial 
activity at 1000 mg/mL against both bacteria. These 
findings suggested that, compared to some complexes, 
the synthesized L showed outstanding activity against 
the two bacteria under study.  Certainly,  the mechanism  



Indones. J. Chem., 2023, 23 (6), 1638 - 1651    

 

Zainab Sabeer Abdulsada et al. 
 

1647 

 
Fig 6. Antimicrobial activity of L and its complexes at 250, 
500, and 1000 μg/mL for (a) Fecal streptococci and (b) 
Pseudomonas aeruginosa 

of chitosan's antibacterial activity was still little 
understood [33], and three inhibitory mechanisms have 
thus been suggested. The positive charge amine groups 
(NH3

+) of chitosan and the negative charges on the 
bacterial cell wall were attracted to one another 
electrostatically in the first mechanism, which prompts 
the leakage of intracellular components [34]. 

The second mechanism concerned chitosan's 
chelating capability toward metal ions such as Ca2+, Mg2+, 
and Zn2+ [35]. In addition to their function in the 
metabolic pathways, such as spore formation in Gram-
positive bacteria, these metal ions were essential for 
bacterial growth. The third mechanism involves the entry 
of low-molecular-weight chitosan into the nuclei of 
microorganisms, which can subsequently interact with 
DNA, inhibit mRNA expression, and stop protein 
synthesis, leading to the death of bacterial cells [36]. 

Among the synthesized series of metal complexes, 
the MnL and CuL complexes were active against F. 
streptococci bacteria, while ZnL exhibited excellent 
activity against the two types of bacteria compared to 
another complex. 

Similar observations have been reported by other 
researchers [37]; for instance, it is well known that both 
chitosan and Zn have the properties of disinfection and 
bactericide. After chitosan binds to Zn(II) ions through 
nitrogen, oxygen, or a combination of them, the 
bindings are likely to leave some potential donor atoms 
free, and these free donor atoms enhance biological 
activity. Thus, it stands a good chance that chitosan–Zn 
complexes exhibit an enhanced antimicrobial activity, 
which will be very favorable to chitosan–Zn complexes’ 
applications in the medical and food industries. They 
investigated the antimicrobial activities of chitosan–Zn 
complexes and preliminarily explored structure-activity 
correlation. Five chitosan–Zn complexes with different 
Zn content were prepared, and their compositions and 
structures were analyzed through several physical 
methods. The complexes’ antimicrobial activities against 
four Gram-positive bacteria, five Gram-negative 
bacteria, and two fungi were studied systematically [38]. 
Additionally, the ligand and some of its complexes were 
used in this study to treat dirty water taken from hospital 
effluent, and they showed high efficacy in removing any 
number of bacteria found there (Table 6). 

Application of the Prepared Ligand and Its 
Complexes as an Inhibitor for Fusarium oxysporum 
Fungus 

Fusarium wilt is the most dangerous and 
widespread disease in the world, caused by F. 
oxysporum, the main cause of wilting, rotting, and 
seedling death for more than 100 species of economically 
important plants. It is one of the fungi isolated from 
economic crops or soil [39-40]. Several species of 
Fusarium incite the disease, but the most devastating 
fungus is F. oxysporum [41-42]. 

The inhibition efficacy of the prepared ligand and 
its complexes at 250 μg/mL against F. oxysporum fungus 
was studied. Compared to the control, these compounds 
showed excellent efficacy in inhibiting the growth and 
activity of this fungus (Table 7). Both Tweedy’s chelation 
theory and the overtone concept can be used to explain 
the better activities demonstrated by ligands and the 
inclusion of new complexes [43]. The oxygen that limits 
the ligand’s ability to produce enzymes makes the donor  
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Table 6. The efficacy of Chitosan-Ph-Oleander Ligand and some of its complexes in removing several bacteria from 
wastewater 

Test Sample start L MnL NiL 
M.P.N of Total coli form/100mL >16000 0 0 0 
M.P.N of Fecal coli form/100mL >16000 0 0 0 
M.P.N of E. coli form/100mL 790 0 0 0 
M.P.N of F. streptococcus form/100mL 230 0 0 0 

Table 7. The antifungal activities of studied compounds (n = 2) 

Comp. Average colony diameter 
at 250 (μg/mL) 

The inhibition 
percentage (%) 

Ligand 4.05 46.60 
CrL 3.90 46.60 
MnL 3.75 50.00 
FeL 3.90 48.00 
NiL 3.75 50.00 
CuL 3.85 48.60 
ZnL 3.75 50.00 
Control 7.50  

 
system more sensitive to metal ions deactivating it during 
chelation. 

Numerous agents could be responsible for the 
differences in the synergistic effect between the type of 
metal ion and the associated ligand. The final geometric 
structure of these complexes, the oxidation state, the 
species of atoms connected with metal ions, the chelating 
affinity of the organic molecules utilized as ligands, the 
coordination number, and the arrangement of the ligand 
around the central ions are crucial [44]. The chelation 
mechanism partially shares the positive charge of the 
metal ion and overlaps the donor group of the ligand 
orbital, which decreases the polarity of the metal atom and 
increases the complexes’ entry through the lipid layer of 
the cell membrane. Furthermore, metal complexes impede 
the cell’s ability to respire, obstruct the production of 
proteins, and stop the organism from growing [45]. 

■ CONCLUSION 

The results showed that the Chitosan-Ph-Oleander 
ligand and its six metal complexes were synthesized and 
characterized using various techniques. FTIR, UV-vis and 
NMR spectroscopy, as well as magnetic moment and 
conductivity, ensured the formation of compounds. The 
results explain and ensure metal complexes' geometry and 

find helpful energy parameters. Furthermore, metal 
complexes showed an excellent inhibition of two types 
of bacteria that have all been used as pollution indicators 
at different times. Results of antibacterial activities 
revealed that some of these compounds can be used in 
wastewater treatment or antibiotic development. ZnL, 
MnL, FeL, and CuL complexes were the most active 
against these two types of bacteria. In addition, the 
inhibition rate of the effectiveness of the F. oxysporum 
fungus reached ~50%. Therefore, these results proved 
the success of the prepared compounds in treating water 
contaminated with bacteria. Further efforts should be 
made to explore the possible mechanistic pathways of 
their activity in wastewater treatment and in vitro. 
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