
CENTRAL ASIAN JOURNAL OF 

THEORETICAL AND APPLIED  

SCIENCE 

https://cajotas.centralasianstudies.org/index.php/CAJOTAS  

Volume: 05 Issue: 08 | December 2024 ISSN: 2660-5317 

 

  
Central Asian Journal of Theoretical and Applied Science 2024, 5(8), 685-692.          https://cajotas.centralasianstudies.org/index.php/CAJOTAS 

Article 

Synthesis and Spectroscopic Study of Azo-Schiff Base 

Compound and Its Complexes with Cobalt and Nickel 

Dhelal Ayad Shaker1*, Haider A. Mahdi2  

1,2. Department of Chemistry, Collage of Science, University of Thi-Qar, Iraq  

 *  Correspondence: dhelal.shaker@utq.edu.iq  

Abstract: Azo compounds are known for their diverse applications in coordination chemistry, yet 

their potential with specific ligands remains underexplored. This study aimed to synthesize and 

characterize a new azo compound through a two-step reaction involving 4-nitroaniline and 2-

hydroxynaphthaldehyde, followed by condensation with 4,4-diaminodiphenylmethane. The 

resulting ligand was then complexed with cobalt and nickel. The ligand and its metal complexes 

were characterized using elemental analysis, FT-IR, mass spectrometry, and 1H NMR. The findings 

provide insights into the structural properties of the ligand and its complexes, contributing to the 

understanding of their potential in catalysis, materials science, or pharmaceutical applications. 
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1. Introduction 

In 1858 Peter Geriss made the discovery of this kind of organic chemical. Azo-Schiff. 

bases are. substances that include both azo and azomethine groups [1]. It has good donor 

qualities and is capable of forming stable compounds with transition metal ions [2]. The 

azomethine molecules are more recent than the azo. and Schiff base [3]. The locations of 

the two functional groups. The nitrogen atom's electron pair that is not in a bond [(-N=C-) 

& (-N=N-)] that had special physical and chemical characteristics qualities. Azo-Schiff 

blends can synchronize in a variety of its ability to coordinate with azomethine is the most 

important of them.  

Secondly by employing both types of nitrogen [4], compounds (azomethine and azo) 

[5] and, finally by the use of only of azo nitrogen [6]. The dye and pigment industries 

depend on azo chemicals (-N=N-) in both their homocyclic and heterocyclic forms [7, 8]. It 

had a major effect on the manufacturing of pharmaceuticals and other medications [11], 

LCD color filters [12], and analytical chemistry [9, 10]. 

Depending on the chemical's characteristics and reaction conditions, there are two 

ways to create azo-Schiff base compounds. The Schiff base reaction is performed once the 

azo-moiety has been produced [13]. In the second technique, Schiff base is synthesized and 

coupled to produce azo compounds [14]. Numerous biological [15] and commercial 

applications, such as textile dye and photoelectric [16], have been made possible by these 

compounds and their combinations. Numerous compounds use azole groups, which are -

N=N-linked to two carbon atoms. Aliphatic azo compounds like azobisisobutyronitrile 

(AIBN.) can function as radical initiators when alkenes are polymerized to form polymers. 
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Aromatic azo compounds are used. as commercial colorants for clothing, plastics, 

cosmetics, and food and drink items, as well as biological stains and acid-base indicators. 

Many azo-dyes can be used as acid-base indicators since they can function as weak acids 

or bases. Methyl red, methyl orange and congo red are a few examples of these hues [17]. 

 

2. Materials and Methods 

 Every chemical and, reagent utilized in this investigation was of analytical grade 

and was acquired from Sigma-Aldrich. Using KBr pellets the  )Cole-Parmer MP 200 ( 

melting point equipment and the FT-.IR affinity (Shimadzu) spectrophotometer were used 

to evaluate the melting points of produced compounds. Although the Bruker 500MHZ 

instrument captured their 1HNMR in DMSO-d6, the internal standard is TMS. 

Step1: 

The Azo compound was made by dissolving 4-nitroaniline (0.01 moles, 0.94g.) in 6 

ml of strong HCl and 14. ml of distilled water. To create diazonium salt, a stirring solution 

of sodium nitrite (0.01 moles, 0.80 g in 5 ml distilled water) was then added drop by drop 

at (0–5) co. a 0.01 mole (1.72 g) solution. To make 2-hydroxy-1-naphthaldehyde alkaline, 

the diazonium salt indicated above was added to 10 milliliters of (10%) NaOH  Next, add 

diluted HCl to the created dye to convert it from sodium to hydrogen (to maintain a pH 

value of 6.5–7.5) to eliminate any substances that haven't reacted yet. After cleaning with 

distilled water and drying in a dryer, the product was recrystallized using ethanol as a 

solvent. suction for a few hours at 50°C [18]. According to scheme (1). 

 

 

 

 

 

 

 

 

 

Step2: 

The ligand was created through the reaction of 4,4'-methylenedianiline (0.198 g, 0.01 

mol) with either compound (0.27 gm, 0.01 mol) and the mixture were then refluxed in 20 

milliliters of ethanol with a little amount of glacial acetic acid acting as a catalyst. The 

precipitate mixture was acquired through filtering, ethanol washing, and drying. As seen 

in scheme (2). 

 

 

 

 

 

 

 

 

 

 

Step3:  

Scheme [1] 

Scheme [2] 
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Synthesis of complexes 

The ligand was dissolved in 15 milliliters of ethanol to create the complexes. Next, 

the metal salts CoCl2.2H2O (0.001 mol) or NiCl2.6H2O (0.001 mol) were added dropwise 

to the ligand mixture. The mixture was then refluxed for three hours at a constant 

temperature of 70 to 80 °C while stirring continuously. The mixture was filtered, and the 

resultant participant was repeatedly rinsed with cold ethanol. Scheme (3) illustrates the 

Metal Complex Synthesis pathway. Complexes' melting point, hues, and yields are all 

included in Table (1). 

 

3. Results and Discussion 

 

Table  1. Tcontained all of the ligand and its complexes' physical characteristics, elemental 

microanalysis and atomic information. 

d* = decomposition degree                                                                                                                           

  

FT-IR spectral 

The synthesized ligand FT-IR data was compiled into the table (2). As illustrated in 

figures (1), the FT-IR spectrum of the ligand revealed stretching characteristic vibration 

bands that appeared at (3256), (3026), (2936), (1644), (1542), and (1493) cm−1. These bands 

were caused by the υ (O-H) group, υ (C-H) aromatic group, υ (C-H) alaphtic group υ (C=N) 

azomethine group, υ (C=C) and υ (N=N) [19] group respectively. 

 

Table 2. Infrared spectra of. Ligand and its metal complexes (υ cm-1) 

compound υ (OH) υ (C-H) 

aromatic 

υ (C-H) 

aliphatic 

υ (C=N) 

azomethine 

υ (C=C) υ (N=N) 

      L 3256 3026 2936 1644 1542 1493 

 [Ni(L)Cl2] 3441 3041 2924 1624 1544 1500 

[Co(L)Cl2] 3433 3028 2922 1624 1543 1500 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield % M.poc Color M.Wt Chemical 

Formula 

No. 

 

80 257-259 Yellowish 

brown 

502       L(C30H23N5O3) 1       

 

77 255 d* orange 631       [Ni(L)Cl2]   

 

2       

 

75 253 d* Light brown 631       [Co(L)Cl2]   

  

3       
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Figure 1. FT-.IR of L 

Figure 2. FT-.IR of [Ni(L)Cl2] 

Figure 3. FT-IR of [Co(L)Cl2] 
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1H-NMR  

The solvent (DMSO and H2O) caused two signals to appear in the ligands' 1H-NMR 

spectra at (2.5 and 3.36 ppm).  

Two signals arising from the proton of the (CH2) and (NH2) groups respectively  

were detected in the 1H-NMR spectrum of the ligand (L1) at (4.05) and (6.9) ppm. Melti 

signals were detected at (7.00-8.48) ppm, owing to the aromatic group [20]. The azomethine 

groups showed a signal at (9.63) ppm and the phenolic, groups at (15.83) ppm. As depicted 

in Figure (2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 1H-NMR of the ligand 

Figure 5. 13C-NMR of the ligand 
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The mass spectra 

Molecular species have been successfully investigated using mass spectrometry; the 

pattern of the mass spectrum indicates the target compound's gradual decay, with a 

succession of peaks representing the different fragments. Their intensity provides a sense 

of how stable [20] Using, mass spectra recorded at room temperature (21 °C) in Table (3) 

and pictures (5–7) the stoichiometry of compounds was compared. Both the suggested 

structure and the synthetic chemicals matched the molecular ion fragment. 

 

Table 3. Mass spectra of synthesized compound 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound . Calculated. mass  

 

Obtain.mass (m/z)  

 

Peak .assigned  

 

              L 502 503 M+1H 

[Ni(L)Cl2]           63 631 M+ 

           [Co(L)Cl2]  631 631 M+ 

Figure 6. Mass spectra of L 

Figure 7. Mass spectra of [Ni(L)Cl2] 
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4. Conclusion 

The synthesized azo-Schiff base ligand and its cobalt and nickel complexes were 

successfully characterized using various spectroscopic and analytical techniques, 

including FT-IR, 1H-NMR, mass spectrometry, and elemental analysis. The ligand 

demonstrated the presence of key functional groups such as azomethine (-C=N-) and azo 

(-N=N-) groups, which contribute to its strong coordinating ability with transition metal 

ions. The metal complexes exhibited distinct physical and chemical properties, including 

thermal stability and unique spectral shifts indicative of coordination. These findings 

underline the ligand's potential in catalysis, materials science, and pharmaceutical 

applications due to its structural versatility and stability. Future research should focus on 

exploring the catalytic efficiency, biological activity, and electronic properties of these 

complexes in various industrial and medicinal contexts. 
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