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  ABSTRACT  
E4CPMA, Zn, Co, Ni, derivatives  Schiff bases and metal complexes have brought the attention of the 

researchers due to its wide application as bioactive and anticancer 

compounds. To synthesis new Schiff base derived from aldehyde and 

diamine derivatives and its three metal complexes (Zn, Co, Ni). The 

white crystalline Schiff base (1E,1'E)-N,N'-(ethane-1,2-diyl)bis(1-(4-

chlorophenyl)methanimine) (E4CPMA) was synthesized from the reflux 

of one moles of ethane,1-2-diamine and 2 moles of 4-

chlorobenzaldehyde. Te metal complexes were also prepared by the 

reaction of the metals salts solution with the solution of the Schiff base, 

the characterization of the new compounds was carried out via CHN, 

FTIR, UV-Vis, molar conductivity, magnetic susceptibility, and melting 

point. The physical properties of the new compounds show different 

appearance and melting point, and the metal complexes shows 

diamagnetic for zinc and paramagnetic for cobalt and nickel. The FTIR 

spectra shows shifting of the OH, and C=N functional groups indicating 

the coordination of the Schiff base with the metal ions. The UV-Vis 

spectra show ILCT and d-d transactions in the metal complexes. Novel 

Schiff base (E4CPMA) and three metal complexes were successfully 

synthesized, characterization using different chemical and physical 

techniques were carried out. The new synthesized compounds are 

promising as bioactive materials and it is recommended to test its 

bioactivity as a further work. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Schiff bases is a very wide and familiar collections of compounds that can be distinguished by the existence 

of the carbon nitrogen double bond (C=N) as shown in scheme [1], and they are synthesized via 

condensation reaction between ketone or aldehyde with amine compounds, Schiff bases are usually 

coordinate with metals (particularly transition metals) forming organometallic compounds that has wide 

application specially as bioactive materials 
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Scheme 1: Schiff base general structure [3], [4] 

 

Schiff base also considered as an imines and also could be azomethine depending upon the functional 

groups attached to (C=N bond) which could be aryl, heterocyclic, alkyl… and first was known as Hugo 

Schiff [5], [6]. 

 

Thousands of Schiff base compounds were synthesized over the last hundreds of years due to the possibility 

of changing R1, R2, and R3 (from Hydrogen, to Benzene ring, heterocyclic, as well as sulphur, and much 

more) [7], [8]. However, Schiff bases usually considered as a ligand that may form with transition metals 

organometallic compounds that may used in different types of medicinal therapy such as fungi, bacteria and 

yeast [9], as antioxidant [10], chemotherapy [11]. 

 

The application of organometallic complexes and there Schiff bases open the wide doors on the synthesis of 

the variety of complexes that can be used against inflammation and as bioactive compounds, however 

Schiff bases and there metal complexes are characterized and identified via different physico-chemical 

apparatuses such as FTIR, UV, Mass Spectroscopy, NMR, in addition to magnetic susceptibility. 

 

The current research was carried out to synthesize a new benzaldehyde diamine Schiff base and its three 

metal complexes (Zinc, cobalt and Nickel) metal complexes, also the characterization of the novel 

compounds was also carried out using FTIR, UV, MS. 

 

2. Materials and methods 

All the materials that were used were bought from the local market and were manufactured by Sigma 

Aldrich (Germany). 

 

2.1 Synthesis of the Schiff base 

The novel Schiff base was synthesized from one moles of ethane,1-2-diamine and 2 moles of 4-

chlorobenzaldehyde, and heating(reflux) for four to five hours until the formation of the white complex of 

the novel Schiff base (1E,1'E)-N,N'-(ethane-1,2-diyl)bis(1-(4-chlorophenyl)methanimine) (E4CPMA). Then 

cooling, flirtation, and washing during filtration with ethanol, drying (on desiccators). Scheme 2 shows the 

synthesis of the novel ligand. 
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Scheme 2: Synthesis of the new ligand (E4CPMA) 

 

2.2 Synthesis of metal complexes 

The metal salts were dissolved in ethanol and the solution was added to the ligand dropwise with 

continuous heating and stirring, then reflux for 2 to 3 hours until the formation of the metal complex, the 

salts that were used to synthesize the metal complexes are; Nickel chloride, Zinc chloride, and Cobalt 

nitrate were in the synthesis of Ni(E4CPMA)2, Zn(E4CPMA)2, and Co(E4CPMA)2, respectively. Cooling is 

required after reflux to increase the yield of the metal complexes and desiccators were used for drying the 

new complexes. Scheme 3 shows the general structure of the metal complexes. Scheme shows the general 

structure of the metal complexes, (M) cold be Ni, Zn, or Co. 

 

 
Scheme 3: General structure of metal complex 

 

2.3 Physico-Chemical analysis 

CHNO, FTIR, and UV-Visible instruments were used to find out the composition of the ligand and the 

complexes, the presence and the shifting of the functional groups, and the electron transitions respectively. 

 

3. Results and Discussion 

 

3.1 CHNM 

This test is usually used to compare the theoretical percent of the elements with the actual parentages, it was 

found the deviation is acceptable which confirm the formation of the Schiff base as well as the metal 

complexes which indicates the coordination between the ligand and the metal ion (Ni+2, Co+2, and Zn+2), 
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table 1 shows the physical properties of the new synthesized compounds. 

 

Table 1: Physical properties of the new ligand and the three metal complexes 

Compound M.P °C Appearance 

(Color) 

Yield 

(%) 

Found (Theoretical)% µeff 

(B.M.) 

Ω-1 

(ohm-1 cm2 mol-

1) C H N M 

E4CPMA 

(C16H14N2Cl2) 

204±0.5 Milky(white) ≈91.5 64.05 

(62.96) 

4.98 

((4.18) 

8.88 

(9.17) 

--- --- --- 

Zn 
(E4CPMA)2 

>300 Yellowish 
white 

≈85.8 57.52 
(56.87) 

4.48 
(4.18) 

8.26 
(8.29) 

9.81 
(9.67) 

Diamagnetic 9 

Co 

(E4CPMA)2 

259±0.5 Reddish 

brown 
≈ 82.7 58.61 

(57.42) 

4.36 

(4.22) 

8.69 

(8.37) 

8.92 

(8.80) 

2.31 5 

Ni 

(E4CPMA)2 

281±0.5 Deep brown ≈ 86.3 59.02 

(57.44) 

4.01 

(4.22) 

8.59 

(8.37) 

8.93 

(8.77) 

1.18 3 

 

It is clear form table 1 that there is an acceptable difference between the actual value and the theoretical 

calculation of carbon, hydrogen, nitrogen and the percent of metal in the metal complexes, these differences 

match with the results of [14], [15]. The molar conductance arranged from 3 to 9, however, only Zn 

(E4CPMA)2 shows diamagnetic properties while the other two metal complexes (Cu, and Ni) shows 

paramagnetic properties, these results match with the findings of [16], [17]. 

 

3.2 FTIR 

Table 2 shows the shows the FTIR spectra of the functional groups in the ligand (E4CPMA) and its metal 

complexes, while figure 1 shows the FTIR spectrum of the new ligand and its three metal complexes. 

 

Table 2: FTIR of the ligand and the metal complexes 

Compound O-H C=N M-N 

E4CPMA ≈3435 ≈1642 --- 

Zn (E4CPMA)2 ≈3462 ≈1594.3 ≈617.24 

Co (E4CPMA)2 ≈3400 ≈1602 ≈597 

Ni (E4CPMA)2 ≈ 3310 ≈ 1583 ≈525 
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Figure 1: FTIR spectra of A: E4CPMA; B: Zn (E4CPMA)2; C: Co (E4CPMA)2; D: Ni (E4CPMA)2 

 

The spectra of the infrared novel ligand shows an absorbance at frequencies 3435 for (OH), and 1642 for 

(C=N), matching with the findings of [18], while the functional groups shows higher frequency shifting in 

the Zn metal complex, and lower frequency shifting for Co, and Ni metal complexes indicating the 

coordination between the ligand and the metal ions confirming the formation of the metal complexes as 

explained by [18], [19]. 

 

3.3 UV-Vis analysis 

Table 3 and figure 2 shows the collected data from the absorption of the new compounds in UV-visible 

apparatus. 

 

Table 3: Absorbance of the new compounds 

Compound λ max (nm) Transactions  Expected structure 

E4CPMA 273 and 287 ( π→π*) and (n→π*) --- 

Zn (E4CPMA)2 270, and 339 ILCT Tetrahedral  

Co (E4CPMA)2 258. 559 ILCT, and d-d Octahedral  

Ni (E4CPMA)2 259, and 552 ILCT, and d-d Pseudo octahedral 
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Figure 2: UV-Vis spectra for A: The ligand; B: Zn (E4CPMA)2; C: Co(E4CPMA)2; D: Ni(E4CPMA)2 

 

Figure 2 shows the spectra of the absorption of the new compounds (ligand and the metal complexes), the 

experiments were carried at RT (room temperature), the absorbance of the ligand E4CPMA shows two 

transactions at 273nm and 287nm which reflect to two transactions (π→π*) and (n→π*) respectively, this 

findings match with [20], [21]. The Zn metal complexes cannot shows absorptions at the zone over 500 nm 

because the d-orbital is filled with electrons (d10) and shows only transactions at 270nm and 339nm 

indicating the (ILCT) intra ligand charge transfer, but only shows lower shifting the ligand bands indicating 

the coordination with the ligand (E4CPMA) [21], the cobalt and nickel complexes shows transactions at 

258nm, 559nm and 259nm, 552nm respectively indicating the ILCT and d-d transactions respectively [22], 

[23]. 

 

4. Conclusions 

 Novel Schiff base (E4CPMA) was successfully synthesized. 

 New metal complexes Zn (E4CPMA)2, Co (E4CPMA)2, and Ni (E4CPMA)2 were also prepared 

from the coordination of the ligand with the metal ions. 

 Characterization and identification was carried out using FTIR, the shifting in the bands of the 

Schiff base confirms the formation of the metal complexes. 

 UV-Vis was also used in the characterization and the transaction in the band indicates the 

complexation of the ligand with the metal ions. 

 The new synthesized compounds are promising as bioactive materials and it is recommended to test 

its bioactivity as a further work. 
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