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Abstract. Preparation of Schiff Bases from the Reaction of 4-Chloro-2-fluoroaniline with 3-

Ethoxysalicyldehyde (Ligand 1) and 4-Methoxy salicyldehyde (Ligand 2) and Their Complexation 

with Copper (II) Chloride CuCl2.2H2O (1:2) and Nickel (II) Chloride NiCl2.6H2O (1:1). 

characterization on the basis their spectra of 1H-NMR, Fourier transform infrared (FTIR), and 

Differential scanning calorimetry to assess the thermal characteristics of the produced (TG, DTA 

andDSC). Spectral data of the ligands were found to be in a good agreement with their structures, 

and their complexes with Cu (II) and Ni (II) were synthesized. 

 

1. Introduction:  

The first reported by Hugo Schiff in 1869[1], Schiff bases are condensation products of primary 

amines with carbonyl compounds (aldehyde or ketone) Schiff bases are an important class of organic 

compounds [2,3]. The common structural feature of these compounds is the azomethine group with 

the first general formula RHC = N-R1, where R and R1 are alkyl, aryl, cyclo alkyl, or heterocyclic 

groups [4]. Structurally, a Schiff base (also known as imine) is a nitrogen analogue of an aldehyde or 

ketone in which the carbonyl group (C= O) is replaced by an imine or azomethine group (CH= N) 

[5], Imines or ketamine are the names given to the bond formed by the reaction with the ketone, 

whilst azomethine or aldimine is the name given to the bond formed by the reaction with the 

aldehyde [6,7]. A wide variety of biological properties, such as antifungal [8,9], antibacterial [10,11], 

antimalarial [12], antioxidant [13,14], anticancer [15], antiviral [16], antiproliferative [17], and anti-

inflammatory [18], have also been demonstrated for Schiff's bases. Schiff bases are frequently 

translucent, pigmented solids.[19] They are used to measure metal amounts and identify metals due 

to their precise melting points. carbonyl substances.[20] Because the carbon-nitrogen double bond in 

Schiff bases rotates more readily than the carbon-carbon double bond, stereoisomers can be used 

interchangeably. Because nitrogen is more electronegative than carbon, the azomethine bond 

becomes polarized.[21] Because of the double bond's electron-donating ability and the nitrogen 

atom's unshared electron pairs, all compounds with an azomethine group exhibit fundamental 

characteristics.[22] Schiff bases have less basic characteristics than their equivalent amines.[23] This 

is because, whereas the nitrogen atom in amines experiences sp3 hybridization, when thiamine 

structure is created, this hybridization changes to sp2 hybridization.[24] The C=N system's infrared 

stretch bands are often seen between 1610 and 1635 cm−1, whereas C=N are seen between 1665 and 

1690 cm−1.[25] 

2. Experimental 

All reagents and chemicals used in this study were in the analytical grade and purchased from 

(Sigma- Aldrich). The melting points of synthesized compounds were measured on the SMP31 

melting point apparatus and on the FT.IR affinity (Shimadzu) spectrophotometer using KBr 

pellets.While their 1H-NMR was recorded in DMSO-d6 on the Bruker 400MHZ instrument, the 
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internal standard is TMS. Work mass selective Detector 5973 

1.2: Synthesis legands  

These ligands are prepared from dissolved amine(0.01mol,1.45g)of 4-chloro-2fluoro aniline Solute 

with (15ml)ethanol 99.9% and Aldehydes (0.01mol, 1.66g) (3-ethoxy Salicyldehyde) for ligand 

L1and (0,01mol,1.52g) (4-methoxy Salicyldehyde) for ligand L2 and Soluted with(15ml) 

ethanol99.9%.With add drops of glacial acetic acid to the aldehyde as a catalyst with continuous 

stirring for a period of (10min)After that, the amine is added to the aldehyde mixture with continuos 

stirring for several hours The interaction is followed in a way (TLC) after the end of the reaction is 

cooled to precipitate the product. The solution is filtered, dried and recrystallized with hot ethanol 

(99.9%) as shown in equation (1,1), (1,2)   

 

Synthesis Schiff base Complexes 2.2: 

Schiff base complexes are prepared by dissolving (0.001 mol, 0.001 g) of the prepared ligands L1, 

L2, in (10ml) of absolute ethanol in a circular flask of (100 ml) with (0.001 mol) of salts of the 

elements also dissolved in (10ml) of (CuCl2.2H2O, NiCl2.6H2O) and absolute ethanol the copper 

complexes were synthesized using a ratio 1:2 (metal:ligand) wereas nickel complexes synthesized 

using a ratio 1:1 and and then heat the mixture back for (2-3 hr.) The end of the reaction was 

followed up by the thin layer chromatography technique TLC, after which the mixture was cooled 

and separated by filtration with washing the product with cold ion-free water several times and left to 

dry completely. as shown in cheme(1-1) 
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Cheme(1-1) Synthesis Schiff base Complexes 

3: Results and Discussion 

All the physical properties and atomic data of the ligand and its complexes were gathered in the table 

(1) 

Table (1) Physical properties of ligands and compleX 
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°c m.p Color M.Wt Chemical Formula 

78 185.5 orange 293.72 C15H13ClFNO2 

80  239.6 
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brown 685 C30H28Cl2CuF2N2O6  

70 205.2 green 438.9 C15H18Cl2FNNiO3 

75 151.3 yallow 279.69 C14H11ClFNO2  

69 225.1 brown 696.8 C28H22Cl4CuF2N2O4 

72 196.1 green 494.3 C14H19Cl3FNNiO6 
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3.1: FT-IR spectra 

FT-IR of the synthesized ligands were gathered in the table (2). The FT-IR spectrum of ligands 

showed stretching characteristic vibration bands appeared at (3440-3749),(2970-3090),(2839-2928), 

(1581-1627), (1541-1599) and due to the υ (O-H)group, υ (C-H) aromatic group, υ (C-H) alaphtic 

group, υ (C=N)azomethine group, υ (C=C) [27] group respectively, as shown in the figures (1). 

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

No. υ (O-H) 
υ (C-H) 

aromatic 

υ (C-H) 

alaphatic 

υ (C=N) 

azomethane 
υ (C=C) 

L1 3440 3067 2928 1614 1599 

[Cu(L1)2]2H2O  3062 2885 1612 1543 

[Ni(L1) Cl 

(H2O)]2H2O 
3448 2970 2877 1627 1535 

L2 3739 3090 2902 1615 1562 

[Cu(L2)2] Cl2 3741 3016 2839 1581 1541 

[Ni(L2) 

Cl2(H2O)2 

]2H2O 

3749 3015 2846 1620 1566 

 

 

Fig. (1) FTIR spectrum of L1 
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Fig. (2) FTIR spectrum of [cu(L1)2]2H20 

 

Fig. (3) FTIR spectrum of [Ni(L1) Cl (H2O)]2H2O 
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Fig (4) FTIR spectrum of L2 

 

Fig (5) FTIR spectrum of [Cu(L2)2] Cl2 
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Fig (6) [Ni(L2) (Cl)2(H2O)2]2H2O 

3.2:1H-NMR Spectral 

The 1H-NMR spectrum of the ligand (L1) was appeared two signals at (1.35) ppm and (4.05) ppm 

and due to the proton of (CH3) and (CH2) respectively, melti signals at (7.19-7.95) ppm due to the 

aromatic group [28], while the signal of the azomethine groups at (9.02) ppm, the signal of phenolic 

groups at (12.96) ppm. As shown in the figure (7)  

The 1H-NMR spectrum of the ligand (L2) was appeared two signals at (3.81) ppm due to the proton 

of (OCH3), melti signals at (6.50-7.61) ppm due to the aromatic group, while the signal of the 

azomethine groups at (8.93) ppm, the signal of phenolic groups at (13.36) ppm. As shown in the 1H-

NMR data and figure (8)[28]  
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Fig (7) 1H-NMR spcteum of L1 

 

Fig (8)1 H-NMR spcteum of L2 

3.3: The mass spectra 

Mass spectrometry has been successfully used to investigate molecular species; The pattern of mass 

spectrum gives an impression of the successive degradation of the target compound with the series of 

peaks corresponding to the various fragments. Their intensity gives an idea of the stability of 

Fragments [29], the stoichiometry of compounds was compared using mass spectra obtained at room 

temperature (21) °C in Table (3) and figures (5-10). Each synthesized compounds matched the 

molecular ion fragment and supported the proposed structure.  
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Table (4)- Mass spectra of synthesized compound 

Compound Calculated mass Obtain mass (m/z) Peak assigned 

    

L1 293 293 M+ 

[Cu(L1)2]2H2O 685 687 [M+2H] + 

[Ni(L1) Cl (H2O)]2H2O 438 440 [M+2H] + 

L2 279 279 M+ 

Cu(L2)2] Cl2 [ 696 694 [M-2H] + 

[Ni(L2) Cl2(H2O)2]2H2O 494 492 [M-2H] + 
  

 

Fig (9) mass spctrum of legand L1 

 

Fig. (10) mass spctrum of complex [Cu(L1)2]2H2O 
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Fig. (11) mass spctrum of complex [Ni(L1) Cl (H2O)]2H2O 

 

Fig. (12) mass spctrum of ligand L2 
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Fig. (13) mass spctrum of complex [Cu(L2)2] (Cl)2 
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Fig. (14) mass spctrum of complex [Ni(L2) CL2(H2O)2]2H2O 

3.4: Magnetic Susceptibility Copper (II) Complexes (Cu²⁺) 

The results of magnetic susceptibility measurements, presented in Table 3, indicate that the copper 

(II) complexes exhibit paramagnetic properties. This behavior can be attributed to the presence of one 

unpaired electron in the d⁹ configuration of Cu (II). The electronic configuration follows the (e4 t2
5) 

arrangement, resulting in an effective magnetic moment (μ_eff) value of approximately (1.73 BM) . 

Comparatively, the magnetic moments for the complexes was faound to be higher than the theoretical 

spin-only value (1.73 BM), specifically (2.60,1.45 BM), the expected (tetrahedral) geometry for this 

complex, supports the possibility of sp³ hybridization around the copper complex. 

3.5: Magnetic Susceptibility Nickel (II) Complexes (Ni²⁺) 

The electronic configuration of Ni is [Ar] 4s2 3d8, corresponding to a d8 low-spin system, supports the 

possibility of dsp2 hybridization with squerplaner around the nickel complex [Ni(L1) Cl 

(H2O)]2H2O. Experimental magnetic susceptibility values confirm that the complex [Ni(L2) 

Cl2(H2O)2]2H2O exhibit paramagnetic behavior is consistent with an (octahedral) geometry around 

the Ni²⁺center, and the hybridization is likely d²sp³. [29] 

Table 3. The results of magnetic susceptibility measurements for complexes 

NO Chemical formula M.wt 
Xg 

×10-4 

Xm 

×10-4 

μ eff 

B.M 
Geometry 

1 [Cu(L1)2]2H2O 685 0.0013 8.89 1.45 SP3 

2 [Cu(L2)2] Cl2 696 0.041 2.85 2.60 SP3 

3 [Ni(L1) Cl (H2O)]2H2O 438 0.00 0.00 0.00 d SP2 

4 
[Ni(L2) 

Cl2(H2O)2]2H2O 
478 0.096 4.99 3.45 d2 SP3 

 

3.6: Molar Electrical Conductivity  

The molar conductivity values of the complexes depend on the number of ions outside the 

coordination sphere and these values can provide us with good information about the structural 

formula of the complexes because it is obvious from the molar conductivity values of the prepared 

complexes that all these complexes behave like non electrolyte compounds due to the presence of 

ions inside the coordination sphere, except for the Copper complex [Cu(L2)2] Cl2.. The results 

obtained are consistent with the molecular and steric formulas of the prepared complexes [30] as 

shown in Table 3.3 .  
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Table 3.4. Molar conductivity values of complexes prepared in DMSO solvent at concentration 

0.001 M at temperature25Ċ 

NO. Comples Ʌ m (s.cm-2. mole-1) 
Electrolyte 

ratio 

1 [Cu(L1)2]2H2O 6.59 non-Electrolyte 

2 
[Ni(L1) Cl 

(H2O)2]2H2O 
8.34 non-Electrolyte 

3 [Cu(L2)2] Cl2 45.15 Electrolyte 

4 
[Ni(L2) 

Cl2(H2O)2]2H2O 
12.7 non-Electrolyte 

 

Thermal Analysis  

The thermal behavior of the ligand and the complex has been investigated using thermogravimetric 

techniques in the temperature range from ambient to 900 oC at heating rate of 20 OC/min. The 

decomposition temperature and the weight losses of the ligand and the complexes were calculated 

from TGA data. The ligand is stable up to 185 oC and its decomposition starts at 377 oC and is 

completed at 680 oC. Thermogravimetric studies of the Ni(II) complex showed no weight loss up to 

190 and 231 oC respectively, indicating absence of the lattice water molecules in the complexes [32]. 

Weight loss occurred in three steps, On the other hand in the Ni(II) complex, the step (1) 7.55% (calc. 

7.0%) weight loss occurred in the (190-231) oC the step (2) 57.11% (calc. 57.0%) weight loss 

occurred in the range and second, (231-461) oC. the step (3) 26.3% (calc. 26.0%) weight loss 

occurred in the range and third, (461-726) oC[31] 

 

Fig. (15) spctrum Thermal Analysis of ligand L1 

 

Fig. (16) spctrum Thermal Analysis of complex [Cu(L1)2]2H2O 
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Fig. (17) spctrum Thermal Analysis of ligand L2 

 

Fig. (18) spctrum Thermal Analysis of complex [Ni(L2) (H2O)]2H2O 
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