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 The study involved preparing a new compound by combining between 2-
hydroxybenzaldehyde and (Z)-3-hydrazineylideneindolin-2-one resulting in 
Schiff bases and metal ions: Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) forming 
stable minerals-based-Schiff complexes. The formation of resulting Schiff 
bases is detected spectrally using LC-Mss which gave corresponding results 
with theoretical results, 1H-NMR proves the founding of N=CH signal, FT-IR 
indicates the occurrence of imine band and UV-VIs mean is proved the ligand 
formation. On the other hand, minerals-based-Schiff was characterized using 
the same spectral means that relied with ligand (Schiff bases). Those means 
gave satisfactory results and proved the suggested distinguishable 
geometries. Finally, and according to the antibiotic feature of Schiff bases and 
its minerals, we have also examined such character against (-Bacteria and 
+Bacteria) giving an acceptable inhibition efficiencies. 
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Introduction 

Schiff base reaction was investigated by Hugo 

Schiff 155 years ago, and these compounds are 

still of high significance for both scientists and 

researchers due to their applications in different 

fields. Schiff base compounds are prepared from 

the reaction of a primary amine with the carbonyl 

group of aldehyde (RHCO) or ketone (R2CO). 

Schiff bases have a functional group 

carbonnitrogen double bond (CN) called 

azomethine or imine, this imine group is very 

important for complex reaction and gives an 

important application in biological activity [1-4]. 

The Schiff base mechanism is nucleophilic 

addition reaction throw the carbonyl group 

(CO). The nucleophile is the primary amine 

which is reacts with the aliphatic or aromatic 

aldehyde or ketone to give an intermediate 

compound called carbinolamine. This 

intermediate compound was loses water 

molecule by hydrolyses process with acidic or 

basic media as a catalyst [5]. Schiff bases metal 

complex are widely used in medicine for treating 

multiple viral diseases due to their transition 

metal complexes, which is play a key role in 

several areas, including antibacterial, antifungal, 

anticancer, and anti-inflammatory [6-8]. Schiff 

base ligands are an important class of ligands 

because of their several effective features, such as 

modifying by adding different donor groups and 

good flexibility [9, 10]. These readily available 

ligands, determined by their intrinsic chemical 

structures and the starting materials used for 

their synthesis, give functional diversity and 

different coordination numbers. The various 

advantages of imines have prompted scientists in 

the fields of magnetochemistry, bioinorganic 

chemistry, analytical chemistry, encapsulation, 

catalysis, separation and transport science to 

synthesize metal complexes [11-19]. They have 

good biological features and thus have been used 

in various catalytic, anti-cancer, and anti-

microbial studies [20]. Pyrimidine derivatives of 

metal ion complexes with biological activity, such 

as antimalarial, antibacterial, antitumor, and 

antiviral properties have inspired researchers’ 

attention recently [21]. The real need in the drug 

sector is to find new pharmacological agents with 

different mechanisms and low side effects. In this 

manuscript, we aimed to prepare a series of 

metal complexes for the next metal ions Mn(II), 

Co(II), Ni(II), Cu(II), and Zn(II) with Schiff base 

derived from 2-hydroxy benzaldehyde making 

use of Schiff base derivatives as antibiotics. 

Materials and Method 

Methodology  

All reagents and chemicals used in this study 

were in the analytical grade and purchased from 

(Sigma-Aldrich). Isatin (1H-indole-2,3-dione) 

97%, Hydrazine monohydrate 99%, 2-

hydroxybenzaldehyde, MnCl2.2H2O 99%, 

NiCl2.6H2O 99%, CuCl2.2H2O 99%, CoCl2.6H2O 

99%, and ZnCl2 98% were provided from BDH 

and used once received. The employed FTIR 

apparatus operates in the range (200-4000) cm-1 

Shimadzu-3800 model. Electronic spectral inform 

were accomplished depending on Shimadzu160-

meter. LC/MSS incomes are also established by 

Mass100P_Shimadzu contribution. Proton-NMR 

was published using Bruker 400-MHz-meter and 

elemental micro analysis was done on a 

perkin_Elmer_automatical instruments 

model_240B. Minerals were determined obeying 

a Shimadzu_(A-A)_680G AA_spectrometer. 

Magnetic features were measured using balance 

magnetic susceptibility model MSR-MK. 

Ligand  

A: Preparation of 3-hydrazone-1,3-dihydro-indole-

2-one (L) 

Compound (L) was prepared by putting (2 g, 

0.0134 mol) of isatin in 20 mL ethanol and added 

dropwise with continuous stirring to (0.68 g, 

0.0067 mol) of hydrazine monohydrate in 20 mL 

ethanol a100 mL round bottom flask. The mixture 

of the reaction was refluxed under stirring for 5 

hours and monitored by TLC. Upon cooling at 

room temperature, the precipitate formed was 

filtered, washed with ethanol and ethyl ether, 

recrystallized, and then dried at 60 °C. The yield 

of the prepared compound was 80%, as provided 

in Scheme 1.   

B: Preparation of Schiff base (HL) 
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This ligand has synthesis using the general 

strategy that used in Schiff base synthesis and 

carried out in round bottomed flask of a100 mL 

in volume. At which (1 g, 1 mol) of main 

substance (L) is dissolved in 10 mL of MeOH and 

a drop of DMF with continuous stirring and 

heating to perform the dissolution of the main 

substance. Then, (0.757 g, 1 mol) of 2-hydroxy 

benzaldehyde is added onto the main substance 

solution with reflux and continuous stirring 

about 4 hours. Finally, adding two drops of glacial 

acetic acid to obtain Schiff base ligand, as 

depicted in Scheme 1. 

Metal complexes synthesis 

Copper complex of the obtained Schiff base was 

prepared using the following approach: 

dissolving (0.1 g, 0.01 mol) of ligand (HL) in 10 

mL of MeOH and a drop of DMF. The dissolution 

process occurred immediately gaining 

transparent solution. Then, (0.064 g, 0.01 mol) of 

copper salt (Cu(II) Cl2.2H2O) and a drop of tri 

ethyl amine were added onto ligand’s solution in 

round flask of 100 mL volume. Thereafter, the 

mixture was refluxed, heated, and continuously 

stirred for 6 hours. After completely reflux, 

mixture was left to perform cooling at room 

temperature for one hour. After solvent 

evaporation, the resultant was kept in ice bath to 

accumulate the precipitate. Then, the 

precipitation was filtered. The other complexes of 

the following metal salts: NiCl2.6H2O (0.089 g, 1 

mol), CoCl2.6H2O (0.089 g, 1 mol), MnCl2.4H2O 

(0.074 g, 1 mol), and ZnCl2 (0.051g, 1 mol) were 

prepared, as depicted in Scheme 1 using the same 

approach that used in copper complex synthesis. 

With exception of their corresponded salts usage 

instead of copper salt, center fugue usage to 

separate the precipitate of Zn complex from its 

solution and desiccator to perform the dryness of 

zinc complex was done. Ni(II), Mn(II) and Co(II) 

complex were dried using ether during filtration 

and left for 4-5 hours. 

 

 

Scheme 1: Ligand and metal complexes synthesis 

Metal complexes synthesis 

Copper complex of the obtained Schiff base was 

prepared using the following approach: 

dissolving (0.1 g, 0.01 mol) of ligand (HL) in 10 

ml of MeOH and a drop of DMF. The dissolution 

process occurred immediately gaining 

transparent solution. Then, (0.064 g, 0.01 mol) of 

copper salt (Cu(II)Cl2.2H2O) and a drop of tri 

ethyl amine were added onto ligand’s solution in 

round flask of 100 mL volume. Thereafter, the 

mixture was refluxed, heated, and continuously 

stirred for 6 hours. After completely reflux, 

mixture was left to perform cooling at room 

temperature for one hour. After solvent 

evaporation, the resultant was kept in ice bath to 
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accumulate the precipitate. Then, the 

precipitation was filtered. Other complexes of the 

following metal salts: NiCl2.6H2O (0.089 g, 1 mol), 

CoCl2.6H2O (0.089 g, 1 mol), MnCl2.4H2O (0.074 g, 

1 mol), and ZnCl2 (0.051g, 1 mol) were prepared, 

as indicated in Scheme 1 using the same 

approach applied in copper complex synthesis. 

With exception of their corresponded salts usage 

instead of copper salt, center fugue usage to 

separate the precipitate of Zn complex from its 

solution and desiccator to perform the dryness of 

zinc complex. Ni(II), Mn(II) and Co(II) complex 

were dried using ether during filtration and left 

for 4-5 hours.    

Results and Discussion  

Physical and chemical properties 

The reaction between Schiff base and metal salts 

gave the structural complexes in Scheme 1. The 

results of element-analysis and physical 

properties of Schiff base and complexes are 

provided in Table 1. 

FT-IR studies 

The FT-R spectrum of newly obtained ligand HL 

depicted in Figure 1 displays a distinguishable 

absorption band at 1622 cm-1 contributes to azo-

methine formation, which can be strong evidence 

about ligand (HL) synthesis. In addition to the 

absence of asymmetrical absorption band of NH2-

amino group. This can be strong indication that 

proves the formation of ligand through the 

interaction between carbonyl group of 

salysaldehyde and amino group of isaten.  

Table 1: Physical data and elemental analysis of ligand and its metal complexes 

Compound Formula 
M.Wt 

g/mol 

mp 

(ᵒC) 
Color 

Elemental analysis experimental (Calculated) 

 

%C %H %N %Cl %M 

HL 

C14H11N3O2 
269.7 

228-

231 
Orange 

68.43 

(67.9) 

4.11 

(4.1) 

15.50 

(15.34) 
- - 

[Mn(HL)(Cl)(H2O)].3H2O 423.69 
240 

dec. 

Red 

Brown 

43.3 

(42.52) 

3.71 

(3.57) 

10.17 

(9.92) 

9.0 

(8.37) 

12.55 

(12.97) 

[Co(HL)(Cl)(H2O)].4H2O 444.69 
250 

dec. 

Dark 

Red 

39.85 

(40.51) 

4.01 

(3.63) 

10.11 

(9.45) 

8.05 

(7.97) 

12.86 

(13.25) 

[Ni (HL)(Cl)(H2O)]. 4H2O 444.45 
265 

dec. 

Light 

Red 

40.90 

(40.54) 

3.25 

(3.63) 

10.11 

(9.45) 

8.12 

(7.98) 

12.42 

(13.21) 

[Cu (HL)(Cl)(H2O)].2H2O 415.29 
280 

dec 
Olive 

42.75 

(43.38) 

3.55 

(3.40) 

11.86 

(10.12) 

9.21 

(8.54) 

15.77 

(15.30) 

 [Zn (HL)(Cl)(H2O)] 2H2O 417.13 
232 

dec. 

Light 

Red 

42.40 

(43.19) 

3.61 

(3.38) 

10.53 

(10.07) 

9.12 

(8.50) 

12.78 

(15.68) 

 

Figure 1: FT-IR spectrum of ligand (HL) 
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It is important to note that the absence of C=O 

absorption band of 2-hydroxy benzaldehyde 

which can also supports the formation of ligand 

through this group. Other absorption bands were 

detected at 3155, 2891, 3248, 1739, and 1496 cm-

1 that belonging to the stretching vibrational 

mode of the following functional groups: C-H 

aromatic, C-H aldehydic, N-H amine, C=O of 

amide, and C=C of alkene, respectively [22]. As 

demonstrated in Table 2.  

Copper complex [Cu(L)(Cl)(H2O)] in Figure 2 

demonstrates many changes including shifting in 

stretching vibrational mode of  C=N and 

disappearing of stretching vibrational mode of 

penolic group because of the occurrence of 

coordination through N of C=N and O of O-H 

groups, to be detected at 1612 cm-1. 

In addition, appearing new absorption bands at 

592, 464 and 314 cm-1 attributed to the vibration 

of M-N, M-O and M-Cl, respectively. Besides the 

bands of coordinated water molecule that 

observed at 3444-3447, 1533, and 756. Those 

new bands can strongly prove the formation of 

complex and the presence of H2O aqua inside 

coordination sphere [23, 24]. The other 

complexes in Figures 3, 4, 5, and 6 also display 

individually such modifications happened in 

copper complex, as listed in Table 2.

Table 2: FT-IR spectral data of ligand (HL) and complexes 

Compound 
C-H 

Alde. 

C-H 

Arom 

C=N 

 

N-H 

 

C=O 

amid

e 

C=C 
M-

N 
M-O M-Cl H2O aqua 

C15H11N3O2 

HL 

2891 

 
3155 1622 3248 1739 1496  - - - - 

[Mn(HL)(Cl)(H2O)].3H2O 
2833 

 
3166 1620 

3191-

3276 
1739 1463 586  497  316  

3417 

1537 

750 

[Co(HL)(Cl)(H2O)].4H2O 2970 3114 1618 3286  1724 1463 549  487  310 

3446-3424 

1577 

752 

[Ni (HL)(Cl)(H2O)]. 4H2O 2854 3114 1618 3284  1724 1461 549  486 316 

3420 

1575 

750 

[Cu (HL)(Cl)(H2O)].2H2O 2931 3156 1612 3288  
 

1724 
1467 592  464 314  

3444-3447 

1533 

756 

 [Zn (HL)(Cl)(H2O)] 2H2O 2896 3091 1620 
3280-

3193 
1737 1463 586  499 312 - 

 

 

Figure 2: FT-IR spectrum of Copper complex 
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Figure 3: FT-IR spectrum of Nickel complex 

 

Figure 4: FT-IR spectrum of Zinc complex 

 

Figure 5: FT-IR spectrum of Manganese complex 
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Figure 6: FT-IR spectrum of Cobalt complex 

UV-Vis studies 

Figure 7 demonstrates UV-Vis spectrum of ligand 

(HL), at which π → π* transition occurred at 269 

nm, 30959.752 cm-1. This transition may attribute 

to the presence of unsaturated bonds and 

aromatic rings in ligand’s structure. The other 

electronic transition occurred in ultraviolet 

region is n → π* electronic transition at 323 nm, 

30959.752 cm-1. This transition may causes by 

the presence of hetero atoms in ligand’s structure 

such as (-N-) containing nonbonding electrons 

[25]. Figure 8 illustrates UV-Vis spectrum of 

[Ni(L)(Cl)(H2O)] complex at which ultraviolet 

transitions that referred to as π → π* and n → π* 

were shifted compared with the same transitions 

that observed in ligand’s spectrum to be observed 

at 265 nm, 37735 cm-1 and 306 nm, 32679 cm-1 

for both transitions, respectively. This 

modification causes by the occurrence of 

coordination with metal ion through Schiff base 

group and O atom of phenol. Another electronic 

transition which observed at 354 nm, 28248.587 

cm-1 is n →π*+ (C.T). Moreover, single transition 

observed at visible region 423 nm, 23640.661 cm-

1 denoted as 3T1F→3T2F the transition that found 

in metal itself. This transition and the magnetic 

moment [3.81B.M] can support (td) geometry of 

the complex [26]. By the same approach, we can 

apparently discuss the electronic transitions for 

the rest complexes that displayed in Figures 9, 

10, and 11 as well as Table 3.  

 

Figure 7: UV-Vis spectrum of ligand 

 



 AL-Qadir N.A.A., et al. / J. Med. Chem. Sci. 2023, 6(7) 1660-1674 

1667 | P a g e  

 

 

Figure 8: UV-Vis spectrum of Nickel complex 

 

Figure 9: UV-Vis spectrum of Copper complex 

 

Figure 10: UV-Vis spectrum of Zinc complex 
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Figure 11: UV-Vis spectrum of Cobalt complex 

Table 3: UV-Vis spectral data of ligand (HL) and its complexes 

Compound Abs. Ɛmax L.mol-1.cm-1 λmax nm µeff  B.M ύ cm-1 Transition 

C15H11N3O2 

HL 

3.865 

3.921 

3865 

3921 

269 

323 
- 

37174.721 

30959.752 

*π→π 
*→πn 

[Cu(L)(Cl)(H2O)] 

3.740 

1.362 

0.300 

3740 

1362 

300 

265 

304 

430 

1.62 

37735.849 

32894.736 

23255.813 

*π→π 

π→ n 
2T2→2E 

[Zn(L)(Cl)(H2O)] 

1.333 

0.321 

0.488 

1333 

321 

488 

248 

270 

330 

Diamagnetic 

40322.581 

37037.037 

30303.030 

*π→π 

→πn 

C.T(M→L) 

[Co(L)(Cl)(H2O)]  

0.259 

4.000 

4.000 

4.000 

4.000 

0.692 

259 

4000 

4000 

4000 

4000 

692 

241 

328 

427 

463 

490 

658 

3.12 

41493.775 

30487.804 

23419.203 

21598.272 

20408.163 

15197.568 

π → π* 

n → π* 

n → π*+ (C.T ) 
4A2→4T2 (F) 
4A2→4T1 (F) 
4A2→4T1 (P) 

[Mn(L)(Cl)(H2O)] 

3.864 

3.021 

4.000 

4.000 

3864 

3021 

4000 

4000 

265 

326 

437 

520 

2.79 

37735.849 

30674.846 

22883.295 

19230.769 

π → π* 

n → π* 
6A1→4T1G 

6A1→4A1+4EG 

Figure 12 illustrates the UV-Vis spectrum of 

[Mn(L)(Cl)(H2O)] in diluted form complex at 

which ultraviolet transitions that referred to as 

π → π* and n → π* were shifted compared with 

the same transitions that found in ligand’s 

spectrum to be observed at 265 nm, 37735.849 

cm-1 and 326 nm, 30674.846 cm-1 for both 

transitions, respectively. This modification causes 

by the occurrence of coordination with metal ion 

through Schiff base group and O atom of phenol. 

Moreover, in concentrated form of the complex in 

Figure 13, the transitions that observed at visible 

region are as follows: 6A1→4T1G at 437 nm, 

22883.295 cm-1 and 6A1→4A1+4EG at (520 nm, 

19230.769 cm-1 those transitions are found in 

metal itself. Those transitions and the magnetic 

moment [2.79 B.M] can support (td) geometry of 

the complex [27]. 

Nuclear magnetic resonance spectrum of ligand 
13C-NMR and 1H-NMR 

1H-NMR spectrum is indicated in Figure 14 and 

Table 4 and demonstrates the next signals: 

singlet signal at δ 11.93 ppm belongs to (1H) Ar-

OH, doublet signal at δ 9.03-8.01 ppm belongs to 



 AL-Qadir N.A.A., et al. / J. Med. Chem. Sci. 2023, 6(7) 1660-1674 

1669 | P a g e  

 

(1H) N-H group, triplet signal at δ 11.01-10.70 

ppm belongs to azomethene proton (1H) N=C-H, 

and multiplet signal at δ 8.01-6.89 ppm belongs 

to (8H) Ar- H. This measurement was carried out 

using DMSO as solvent which in turn gave a signal 

δ at 2.31-2.64. TMS is used as reference [28, 29]. 
13C-NMR spectrum in Figure 15 demonstrates the 

next signals: (100.622 MHz, DMSO-d6) that gave a 

signal at δ 40 ppm. δ 110-140 ppm belong to (C1-

C10) of aromatic ring, δ 140-150 ppm belong to 

(C11 and C12), δ 150 belongs to C13, δ 160 

attributed to C14, and δ 165 attributed to C15 [30]. 

Mass spectrum of ligand 

In organic chemistry, mass spectroscopy is 

widely used as a potent structural 

characterization tool. Mass spectra fragmentation 

analogues for free Schiff base ligand [C15H11N3O2] 

were in good agreement with the structure in 

Scheme 1 characterized the mass spectrum an 

intense peak at 266.200 m/z that matches to its 

calculated molecular weight 265.27 m/z (Figure 

15) [31]. 

 

Figure 12: UV-Vis spectrum of dill. Manganese complex 

 

Figure 13: UV-Vis spectrum of conc. Manganese complex 

Table 4: 1H-NMR spectral data of ligand (HL) 

Compound 1H-NMR δ ppm 

C15H11N3O2 

HL 

Singlet (1H) Ar-OH 11.93 

Doublet (1H) N-H 8.01-9.03 

Triplet (1H) N=C-H 10.70-11.01 

Multiplet (8H) Ar- H 6.89-8.01 

DMSO-d6 2.31-2.64 
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Figure 14: 1H-NMR spectrum of ligand (HL) 

 

Figure 15: 13C-NMR spectrum of ligand (HL) 

 

Figure 16: LC-MSS spectrum of ligand (HL) 
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Bioactivity evaluation of the ligand (HL) and its 

complexes 

Two types of bacteria were tested (-Bacteria 

(Escherichia_coli) and +Bacteria 

(Staphellococcus_aureus)). The effect of the 

synthesized Schiff base and its complexes on the 

mentioned bacteria were tested and compared in 

0.001M (DMSO-solvent) as control and the 

results are recorded in Table 5. These results 

indicate that the Schiff bases (ligand HL) has a 

negative inhibitory action toward both types of 

bacteria besides, [Mn(L)(Cl)(H2O)] complex is 

also ineffective toward gram positive bacteria 

(Staphellococcus aureus). In addition, Cu-complex 

has the highest inhibition activity among all 

prepared complexes toward both types of 

bacteria, as illustrated in the table. The other 

complexes have variable positive effect toward 

both types of bacteria [32]. All the details are 

demonstrated in Figure 17. 

 

Figure 17: Biological evaluation-incomes 

Table 5: Bioactivity results of ligand (HL) and its complexes 
Compound Escherichia_coli Staphylococcus_aureus 

C17H14N2O 10 mm 10 mm 

[Zn(L)(Cl)(H2O)] 18 mm 22 mm 

[Mn(L)(Cl)(H2O)] 14 mm 8 mm 

[Cu(L)(Cl)(H2O)] 24 mm 30 mm 

[Ni(L)(Cl)(H2O)] 12 mm 16 mm 

[Co(L)(Cl)(H2O)] 12 mm 20 mm 

 

Conclusion 

This study involved the synthesis and 

characterization of Schiff's bases and complexes 

metal ions such as Mn(II), Co(II), Ni(II), Cu(II), 

and Zn(II) that were successfully gained using 

common condensation reaction between 2-

hydroxybenzaldehyde and (Z)-3-

hydrazineylideneindolin-2-one. The synthesis of 

Schiff bases ligand and metal ions complexes was 

done using various analytical and spectroscopic 

techniques like elemental microanalysis CHN, 13C, 
1H-nuclear magnetic resonance, infrared spectra 

FT-IR, electronic spectra, and mass spectrum. The 

molar conductance value of metal complexes 

shows their non-electrolytic nature. The 

complexes were found to be stable at room 

temperature. Based on the spectroscopic data, it 

was concluded that M+2 coordinates to the oxygen 

atoms, nitrogen azomethine (C=N), and bidentate 

ligand. Likewise, the biological activity of the free 

ligand and its complexes were studied and 

showed that the prepared compounds have good 

ability to be used as antibacterial and antifungal. 

 

 



 AL-Qadir N.A.A., et al. / J. Med. Chem. Sci. 2023, 6(7) 1660-1674 

1672 | P a g e  

 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, commercial, 

or not-for-profit sectors. 

Authors' contributions 

All authors contributed to data analysis, drafting, 

and revising of the paper and agreed to be 

responsible for all the aspects of this work. 

Conflict of Interest 

The author declared that they have no conflict of 

interest. 

ORCID 

Nuha Ayad Abd AL_Qadir 

https://www.orcid.org/0000-0002-0830-6608 

Naser Dheyaa Shaalan  
https://orcid.org/0000-0002-2875-5056 

References 

[1]. Siddappa K., Mayana N.S., Synthesis, 

Spectroscopic Characterization, and Biological 

Evaluation Studies of 5-Bromo-3-(((hydroxy-2-

methylquinolin-7-yl) methylene) hydrazono) 

indolin-2-one and Its Metal (II) Complexes, 

Bioinorganic Chemistry and Applications, 2014, 

2014:483282 [Crossref], [Google Scholar], 

[Publisher]  

[2]. Woźniczka M., Sutradhar M., Pombeiro A.J., 

Świątek M., Pająk M., Gądek-Sobczyńska J., 

Chmiela M., Gonciarz W., Pasternak B., Kufelnicki 

A., Equilibria in Aqueous Cobalt (II)—Reduced 

Schiff Base N-(2-hydroxybenzyl) alanine System: 

Chemical Characterization, Kinetic Analysis, 

Antimicrobial and Cytotoxic Properties. 

Molecules, 2020, 25:3462 [Crossref], [Google 

Scholar], [Publisher]  

[3]. Muaiad F., Jassim A.H., Muhyedeen B.R.J., 

“Synthesis and AB initio study of biologically 

important thioamide”, LAP LAMBERT Academic 

Publishing, 2018 [Google Scholar] 

[4]. Khachatryan G.E., Mkrtchyan N.I., Gavalyan 

V.B., Antibacterial Ppoperties of new Chitosan-

based Schiff-base, Int. J. Adv. Res., 2018, 6:1187 

[Crossref], [Publisher]  

[5]. Boceiri N., Benabdallah T., Hadj Youcef M., 

Reffas H., Synthesis and characterization of a 

novel series of amphiphilic mercapto-1, 2, 4-

triazole Schiff base ligands: Investigation of their 

behavior in hydro-organic solutions, Journal of 

Surfactants and Detergents, 2016, 19:583 

[Crossref], [Google Scholar], [Publisher]  

[6]. Hussein K.A., Shaalan N., Synthesis, 

Characterization, and Antibacterial Activity of 

Lanthanide Metal Complexes with Schiff Base 

Ligand Produced from Reaction of 4,4-Methylene 

Diantipyrine with Ethylenediamine, Indonesian 

Journal of Chemistry, 2022, 22:1365 [Crossref], 

[Google Scholar], [Publisher]  

[7]. Bassanetti I., Atzeri C., Tinonin D.A., Marchio 

L., Silver (I) and Thioether-bis (pyrazolyl) 

methane Ligands: The Correlation between 

Ligand Functionalization and Coordination 

Polymer Architecture, Crystal Growth & Design, 

2016, 16:3543 [Crossref], [Google Scholar], 

[Publisher]  

[8]. Jaros S.W., Guedes da Silva M.F., Florek M., 
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