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ABSTRACT 
 

A series of metal(II) complexes with 2-hydroxy-5-(4-nitrophenyl) diazenyl) 

benzylidene) amino)-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one were 

synthesized. The prepared Schiff base and its metal complexes were characterized by 

spectral techniques including 1H-,13C-NMR, FT-IR, UV–Vis and ESR, as well as 

conductivity and magnetic moments measurements in addition to elemental and 

thermal analyses. The ligand found to bind the metal ions via ONO or ON donor sites, 

behaving as a monobasic tridentate fashion in all complexes except mercury(II) and 

cadmium(II) complexes, in which the ligand exhibited as NO neutral bidentate 

fashion. All the metal complexes were found to possess octahedral or square 

pyramidal geometries and non-electrolytic in nature except complex (4). ESR spectral 

data of copper(II) complexes (3-5) are typical to d9 configuration with an axial 

symmetry type of a d(x2-y2) ground state and a significantly covalent environment. The 

g>g, trend confirmed that the unpaired electron is localized in dx2-y2 orbital and the 

geometry of these complexes are SP rules ruling out?? out the possibility of a TBP 

structure which would be expected to have g<g. The fungicide activity showed that 

the complexes are more active against fungi than bacteria. Complexes (10), (11) and 

(12) exhibit high antifungal activity against A. niger with 196%, 160% and 100% of 

that observed for antifungal standard drug, Nystatin. Otherwise, the antibacterial 

screening data that the complexes (9) and (10) revealed the most activity against all 

bacteria strain used with 85-112 % of the standard drug Amoxicillin.  

http://www.chemistry-journal.org/
mailto:asaeltabl@yahoo.com
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INTRODUCTION 
 

Schiff bases are ketone- or aldehyde-like compounds in which the carbonyl group is 

replaced by an imine or azomethine group of general structure R2C=NR' (R' ≠ H). They are 

widely used for industrial purposes and also exhibit a broad range of biological, analytical, 

catalytic and pharmaceutical activities. In fact, they showed to own analgesic, anti-microbial, 

antibacterial, fungicidal, anti-convulsant, anti-inflammatory, antioxidant, anti-trypanosomal, 

anti-proliferative, anti-tubercular, antiviral, anti-malaria, anti-glycation, antidepressant, anti-

cancer, and anthelmintic1-2. They are used as pigments and dyes, catalysts, intermediates in 

organic synthesis, and as polymer stabilizers as well as corrosion inhibitors2-4. The Schiff bases 

biological activities have been attributed to the presence of the nitrogen atom of azomethine 

which may be involved in the formation of hydrogen bond with active centers of cell 

constituents and interferes in normal cell process2. Transition metal complexes of Schiff base 

ligands have been extensively studied due to their ease of preparation, availability of low cost 

raw materials, and formation of stable and chelated coordination complexes with most of the 

transition metals5. Applications of Schiff bases and their transition metal complexes have been 

largely investigated in the fields of biochemistry6, catalysis7  and medicine8-9. The variety of 

biological properties of Schiff bases transition metal complexes have been evaluated10 such as 

antibacterial11-12, antioxidant13-14, antifungal12  and anti-HIV15, anticancer16, anti-amoebic17, 

herbicidal18  activities. Anti-viral, anti-fungal, anti-microbial and anti-tumor Pd(II) Complexes 

of Schiff base ligands were investigated6. Schiff base complexes of manganese(III), iron(III), 

ruthenium(III), cobalt(II), nickel(II), copper(II) and zinc(II) ions have been used as catalysts 

in the epoxidation of cyclohexene and oxidation of alkenes and alkanes, cyclo-octane and 

phenol19. Palladium and copper complexes with 2-(20-hydroxyphenyl)-5,6-dihydro-1,3-

oxazine as efficient catalysts for the Heck reaction20. The Schiff bases derived from 2-hydroxy 

-5-(p-chloro phenyl azo) benzaldehyde with several sulfonamide drugs and aromatic amines 

have herbicidal activity on selected economically important weed and crop species21. In view 

of the increasing importance of Schiff base, this article aimed to synthesizing 2-hydroxy-5-(4-

nitrophenyl) diazenyl) benzylidene) amino)-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-

3-one and Cu(II), Ni(II)  Co(II), Fe(III), Mn(II), Zn(II), Cd(II) and Hg(II) complexes. The 

coordination behavior was investigated by spectral techniques like 1H-,13C-NMR, FT-IR, UV–

Vis and ESR, as well as conductivity and magnetic moments measurements in addition to 

elemental and thermal analyses. The work was extended to investigate the bactericidal and 

fungicidal activities of the prepared compounds. 
 

EXPERIMENTAL 
 

Materials  
 

All the reagents employed for the preparation of the ligands and their complexes were 

of the analytical grade available and used without further purification. 4-amino-1,5-dimethyl-
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2-phenyl-1,2-dihydro-3H-pyrazol-3-one was provided from Sigma-Aldrich. DMF (assay 

99.7%) and absolute ethanol (assay ≥ 99.8%) were obtained from Sigma-Aldrich. The 

following reagents were obtained from Sigma-Aldrich: Cu(CH3COO)2.H2O (assay ≥99%), 

CuCl2 (assay ≥99%), Cu(NO3)2·3H2O (assay ≥99.99%), CuSO4·5H2O (assay≥98%),  

Ni(CH3COO)2·4H2O (assay ≥99%), Co(CH3COO)2.4H2O (assay ≥ 99.995%), 

Mn(CH3COO)2·4H2O (assay ≥99%), Zn(CH3COO)2·2H2O (assay≥99.99%), FeCl3·6H2O  
(assay ≥97%), Cd(CH3COO)2·2H2O (assay ≥99.99%),  Hg(CH3COO)2 (assay ≥97%), triethyl 

amine, TEA (assay 98%). 

 

Physical Measurements 
 

The ligand and its metal complexes were analyzed for C, H, N, Cl and S at the Micro-

Analytical Laboratory, Cairo University, Egypt. 2-hydroxy-5-((4-nitrophenyl) diazenyl) 

Benzaldehyde was prepared according to a published method22. Standard analytical methods 

were used to determine the metal ion content23-26. IR spectra of the ligand and its metal 

complexes were measured with KBr discs technique using a Jasco FT/IR 300E Fourier 

transform infrared spectrophotometer covering the range 400-4000 cm-1. Electronic spectra in 

the 190-1100 nm regions were recorded on a SHMADZU 2600 spectrophotometer using 1-cm 

quartz cells taking DMSO as solvent. The thermal analysis (TG) was carried out on Shimadzu-

50 thermal analyzer from room temperature to 800 ºC at a heating rate of 10 ºC/min. Magnetic 

susceptibilities were measured at 25oC by the Gouy method using mercuric 

tetrathiocyanatocobaltate(II) as the magnetic susceptibility standard. Diamagnetic corrections 

were estimated from Pascal’s constant27. The magnetic moments were calculated from the 

equation (1): 

𝛍𝐞𝐟𝐟= 𝟐. 𝟖𝟒√𝛘𝐌
𝐜𝐨𝐫𝐫. 𝐓                                                                                                              (1) 

Molar conductance was measured on a Tacussel type CD6NG conductivity bridge using 10-3 

M DMF solutions. The resistance measured in ohms and the molar conductivities were 

calculated according to the equation (2): 

 𝑴 =
𝑽 𝑲 𝒈

𝑴𝒘 
                                                                                                                            (2) 

where: M = molar conductivity / -1 cm2 mol-1, V = volume of the complex solution/ mL, K = 

cell constant (0.92/ cm-1), Mw = molecular weight of the complex, g = weight of the complex 

in gram,  = resistance. NMR spectrum was obtained on Brucker Avance 600-DRX 

spectrometers. ESR measurements of solid complexes at room temperature were made using 

Varian E-109 spectrophotometer, with DPPH as a standard material. 
 

Synthesis of ligand 
 

The ligand, 2-hydroxy-5-(4-nitrophenyl) diazenyl) benzylidene) amino)-1,5-

dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one (HL) was prepared by adding equimolar 

amounts of 2-hydroxy-5-((4-nitrophenyl) diazenyl) benzaldehyde (271 mg, 1.0 mmol) in (20 

mL) ethanol to (203 mg, 1.0 mmol) of 4-amino-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-

pyrazol-3-one in 20 mL ethanol (Fig. 1). The mixture was refluxed while stirring for 3 h. The 
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solid product was filtered off, washed with cold ethanol, followed by crystallization from 

ethanol and finally dried under vacuum over anhydrous P4O10. Analytical and spectral data are 

given in Tables 1-5. 
 

 
Fig. 1: Synthesis the ligand, 2-hydroxy-5-(4-nitrophenyl) diazenyl) benzylidene) amino)-1,5-dimethyl-2-

phenyl-1,2-dihydro-3H-pyrazol-3-one (HL) 
 

Synthesis of metal complexes 
 

The metal complexes (2-12) were prepared by refluxing a hot ethanolic solution of 

ligand (456 mg, 1 mmol, 20 mL ethanol) with a hot ethanolic solution of (4.0 gm, 10 mmol) 

of Cu(OAc)2.H2O, (2.41 gm, 10 mmol) of Cu(NO3)2.3H2O, (1.70 gm, 10 mmol) of 

CuCl2.2H2O, (2.50 gm, 10 mmol) of Cu(SO4)2.5H2O, (2.50 gm, 10 mmol) of Ni(OAc)2.4H2O, 

(2.49 g, 10 mmol) of Co(OAc)2.4H2O, (2.45 gm, 10 mmol) of Mn(OAc)2.4H2O, (2.20 gm, 10 

mmol) of Zn(OAc)2.2H2O, (2.67 gm, 10 mmol) of Cd(OAc)2.2H2O, (3.18 gm, 10 mmol) of 

Hg(OAc)2.4H2O, and (2.70 gm, 10 mmol) of FeCl3.2H2O respectively. The reaction mixtures 

were refluxed for 4 h. accompanied by stirring. 3 mL of diethyl amine were added to the 

reaction mixture in order to initiate precipitation of complexes. When the precipitate appeared.  

Precipitates were removed by filtration, washed with ethanol then by diethyl ether and dried 

in vacuum over P4O10. Analytical data are given in Tables 1-5. 

 

Biological activities 
 

In vitro antibacterial and antifungal assays were performed by Well diffusion method 

in the Lab. of microbiology, Biology Department, Faculty of Science and Arts , University of 

Jeddah, KSA28-31. Both positive (nystatin for fungi, Amoxicillin for bacteria) and negative 
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(solvent, DMSO) controls were used in the technique. The antifungal activity of the complexes 

and ligand were tested Aspergillus niger (A. niger) whereas the antibacterial activity was 

evaluated against Escherichia coli (E. coli) and Klebsiella pneumoniae (K. pneumonia) and 

Bacillus subtilis (B. subtilis) cultured on Czapek Dox´s agar and nutrient agar as medium 

respectively. In a typical procedure, a well was made on the agar medium inoculated with the 

fungi or bacteria. The well was filled with the test solution (20 mg\ mL) using a micropipette 

and the plate was incubated at 28 and 37 oC respectively for 72 h. During this period, the test 

solution diffused and the growth of the inoculated fungi or bacteria was affected. The 

inhibition zone (MIZ) developed on the plate was measured. Each test was carried out for three 

times to minimize the error. The activity index for the complexes was calculated by following 

formula32. 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑎𝑡𝑖𝑜𝑛 𝑧𝑜𝑛𝑒 𝑏𝑦 𝑡𝑒𝑠𝑡 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑

𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑎𝑡𝑖𝑜𝑛 𝑧𝑜𝑛𝑒 𝑏𝑦 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
 × 100 

 
Table 1: - The analytical and some physical characteristics for the ligand H3L and its complexes. 

 

No. Ligand/complexes Color 

M. 

P. 
M. 

Wt. 

 

Calcd. (Found) % 
a

M 

Yield 

 

(oC) C H N Cl M (%) 

1 HL(C24H20N6O4) 
L. 

Brown 
210 456.46 

63.15 

(63.27) 

4.42 

(4.20) 

18.41 

(18.13) 
-- -- -- 74.3 

2 
[Cu(L)(CH3COO)(H2O)2].H2O 

C26H28N6O9Cu 

R. 

Brown 
>300 632.09 

49.41 

(49.15) 

4.47 

(4.03) 

13.30 

(13.04) 
-- 

10.05 

(9.91) 
15.3 63.9 

3 
[Cu(L)(NO3)( H2O)] 

C24H23N7O9Cu 

R. 

Brown 
>300 599.08 

46.72 

(46.85) 

3.76 

(3.53) 

15.89 

(15.46) 
-- 

10.30 

(9.97) 
29.5 73.7 

4 
[Cu(L)(H2O)2].SO4 

C25H23N6O10CuS 

R. 

Brown 
>300 652.09 

44.21 

(44.25) 

3.71 

(3.40) 

12.89 

(12.48) 
-- 

9.74 

(9.48) 
127.7 39.7 

5 
[Cu(L)(Cl)(H2O)2] 

C24H24N6O6CuCl 

R. 

Brown 
>300 572.47 

50.35 

(49.86) 

3.70 

(3.85) 

14.68 

(14.11) 

6.19 

(5.76) 

11.10 

(10.66) 
21.0 64 

6 
[Ni(L)(CH3COO)(H2O)2] 

C26H26N6O8Ni 

D. 

Brown 
>300 609.22 

51.26 

(50.89) 

4.30 

(4.09) 

13.79 

(13.42) 
-- 

9.63 

(9.39) 
8.9 50.6 

7 
[Co(L)(CH3COO)(H2O)2] 

C26H26N6O8Co 

D. 

Brown 
>300 609.46 

51.24 

(51.04) 

4.30 

(4.16) 

13.79 

(13.49) 
-- 

9.67 

(9.34) 
5.6 65 

8 
[Mn(L)(CH3COO)(H2O)2] 

C26H26N6O8Mn 

D. 

Brown 
>300 605.47 

51.58 

(51.20) 

4.33 

(4.05) 

13.88 

(13.37) 
-- 

9.08 

(9.09) 
10.3 79.4 

9 
[Zn(L)(CH3COO)(H2O)2] 
C26H26N6O8Zn 

R. 
Brown 

>300 615.91 
50.7 

(54.23) 
4.26 

(4.32) 
13.65 

(13.25) 
-- 

10.62 
(10.49) 

11.7 20.3 

10 
[Cd(L)2(H2O)2].2H2O 

C48H46N12O12Cd 

R. 

Brown 
>300 1095.38 

52.63 

(52.62) 

4.23 

(4.06) 

15.34 

(14.97) 
-- 

10.26 

(9.95) 
3.7 62 

11 
[Hg(L)2(H2O)2].3H2O 

C48H46N12O12Hg 

D. 

yellow 
>300 1201.57 

47.98 

(47.65) 

4.03 

(3.88) 

13.99 

(13.84) 
-- 

16.69 

(16.09) 
5.1 58.8 

12 
[Fe(L)(Cl2)(H2O)].H2O 

C25H23N6O6FeCl2 

D. 

Brown 
>300 618.23 

46.6 

(46.37) 
3.75(3.76) 

13.59 

(13.24) 

11.47 

(11.05) 

9.03 

(9.10) 
33.1 62.8 

 

a Molar conductivity as 10-3 M solutions (ohm-1cm2 mol-1), D.= dark, R. = Reddish 

 

RESULTS AND DISCUSSION 

 

The reaction of (1:1) mole ratio of 2-hydroxy-5-((4-nitrophenyl) diazenyl) 

benzaldehyde with 4-amino-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one in EtOH, 
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gave ligand (1), 2-hydroxy-5-(4-nitrophenyl) diazenyl) benzylidene) amino)-1,5-dimethyl-2-

phenyl-1,2-dihydro-3H-pyrazol-3-one as shown in Fig. 1. The chelation of ligand (1) with 

metal salts in mole ratios (1L:1M) or (2L:1M) gave complexes; (2-12). All metal complexes 

are colored, solids, and stable at ordinary conditions and don’t decompose after elongated 

storage. The complexes are indissoluble in polar solvents (H2O, EtOH, MeOH, C6H6, 

C6H5CH3, CH3CN) and nonpolar solvents (CHCl3), but completely soluble in both 

dimethylformamide (DMF) and dimethyl sulfoxide (DMSO). Elemental analyses, physical 

and spectral data are presented in Table 1-5. The analyses data are in agreement with the 

assumed formula illustrated in Figs. 2-4. The elemental analyses confirmed that, the 

complexes (2-3), (4-9) and (12) were formed in 1L:1M molar ratio while complexes (10) and 

(11) are formed in molar ratio 2L:1M. 
 

 
 

Fig. 2. Structure representation of Cu(II), Ni(II), Co(II), Mn(II), Zn(II) and Fe(III) complexes 2-3, 5-9 and 12 

 

 
 

Fig. 3. Structure representation of Cu(II) complexes 4 
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Fig. 4. Structure representation of Cd(II) and Hg(II) complexes (10) and (11) 

 

Nuclear magnetic resonance spectrum  
 

1H- NMR spectrum 
 

The observed 1H and 13C chemical shifts of the ligand (1) in DMSO-d6 are presented 

in Table 2. The ligand 1H-NMR spectrum is compatible with the proposed structure shown in 

Fig. 1. The chemical shifts observed as singlet at 13.66 ppm (s, 1H, OH) is assigned to the 

hydroxyl proton. The considerable high δ of this hydrogen chemical shift is related to the 

proton-attachment to high electronegative atoms (oxygen). This assignment is supported by 

the apparent intensity decrease of these signals in the deuterated ligand spectrum. While the 

singlet observed at 9.82 ppm is attributed to the azomethine proton (s, 1H, H-C=N1). The 

positions of these signals in the downfield region as well as the broadening of OH signal 

suppose the presence of a considerable extent of hydrogen bonding. Whereas the chemical 

shift observed at 8.426 (d, 1H, H14); 7.972 (d, 2H, H3, H5); 6.613(d, 1H, H13); 8.216 (s, 1H, 

H10); 8.049 (d, 2H, H2, H6) 7.153 (d, 2H, H28, H32); 7.759 (t, 2H, H29, H31); 7.440 (d, 2H, H30) 

were attributed to the aromatic protons.  The downfield shift of the singlet peak of H10(8.216) 

and the upfield shift of H13 (6.613) suggested the presence of the hydroxyl group at meta and 

ortho positions to these two protons respectively33-35. Finally, the singlet peak (3H) observed 

at δ = 2.39 and 3.25 ppm were assignable to the methyl group protons of the antipyrine moiety 

(26CH3&27CH3). 
 

13C- NMR spectrum 
 

 The ligand 13C-NMR spectrum is illustrated in Table 3. It showed a signal at 163.94 ppm 

which could be assigned to C19=O. The chemical shift of C12 (δ = 159.41 ppm) indicates the 

presence of a hydroxyl group attached to this carbon35. The chemical shift of azomethine 
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carbon appeared at 155.81 ppm. While the chemical shifts of the carbons C3, C5, C10, C14            

(δ = 123.66, 125.67, 127.91 ppm) are typical values of N=N group connected to C4 (δ = 155.71 

ppm) and C9 (δ = 145.59 ppm). However, the peaks observed at 150.82, 127.26, 121.45 and 

118.28 ppm were assigned to the aromatic carbons of azo-moiety C1, C2, C6, C11 and C13 

respectively. While the chemical showed at 114.21, 148.45, 134.58, 126.37, 129.47, 125.53, 

129.47, 126.37 were assignable to the aromatic proton antipyrine moiety C20, C21, C25, C28, 

C29, C30, C31 and C32 respectively. The chemical shift appearing at 35.5 and 10.35 ppm could 

be due methyl carbon of antipyrine moiety. By comparison of the 1H NMR of the ligand and 

that of the complex (9) (Table 3), it was found that the signal of hydroxyl proton disappeared 

in this complex indicating that the ligand bonded with the zinc ion in the deprotonated form. 

In addition, there is a significant downfield shift of the azomethine proton signal in the 

complexes relative to the free ligand that indicates the coordination of the azomethine nitrogen 

atom. This is may be due to the donation of the lone pair of electrons of nitrogen to the central 

metal atom resulting in the formation of a coordinated bond (NM)36-37. 

 
Table 2. 1H and 13C assignments of the ligand and Zinc complex 

 

 

Table 2. 1H and 13C assignments of the ligand and Zinc complex 

 Ligand Zinc Complex 

Position 1H  / ppm 13C  / ppm 1H  / ppm 

1 -- 150.82 -- 

2 8.049(2H, d) 127.26 7.56(2H, d) 

3 7.972(2H, d) 123.66 7.68(2H, d) 

4 -- 155.71 -- 

5 7.972(2H, d) 123.66 7.68(2H, d) 

6 8.049(2H, d) 127.26 7.56(2H, d) 

9 -- 145.59 -- 

10 8.216(1H, s) 125.67 8.17(1H, s) 

11  121.45  

12  159.41  

13 6.613(1H, d) 118.28 7.142(1H, d) 

14 8.426(1H, d) 127.91 7.93(1H, d) 

15 13.66(1H, s) -- -- 

16 -- 155.81 -- 

17 9.82(1H, s) -- 9.03(1H, s) 

19 -- 163.94 -- 

20 -- 114.21 -- 

21 -- 148.45 -- 

25 -- 134.58 -- 

26 3.25(3H, s) 35.5 3.26(3H, s) 

27 2.39(3H, s) 10.35 2.39(3H, s) 

28 7.153(2H, d) 126.37 7.42(2H, d) 

29 7.759(2H, t) 129.47 7.486(2H, t) 

30 7.440(2H, q) 125.53 7.408(2H, q) 

31 7.759(2H, t) 129.47 7.486(2H, t) 

32 7.153(2H, d) 126.37 7.42(2H, d) 

o 
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Infrared spectra (IR) 

 

The ligand IR spectral data (Table 3) showed a strong vibration band located at 1660 

cm−1 which is attributable to the antipyrine moiety carbonyl group ν(C=O)45, while the week 

and broad bands which observed at 3500, 3475, 3425 cm−1 is attributable to the stretching 

vibration of the phenolic hydroxyl group associated in an intermolecular and intramolecular 

hydrogen bonding38-44. The spectrum of the ligand also showed bands at 1615, 1485 and 1280 

cm−1 which may be assignable to the carbonyl  azomethine ν(C=N)43,46, azo ν(N=N)47 and 

phenolic ν(C-O)44,48 groups respectively. Symmetric and asymmetric stretching vibrations of 

NO2 bonds of the aromatic nitro group normally exhibited peaks in the 1550–1500 and 1360–

1290 cm−1 ranges. The first one was appeared in the 1500-1520 cm-1 range while the second 

one appeared around 1330-1375 cm−1. The C-N-O stretching of aromatic nitro compound 

cannot be assigned correctly in the fingerprint region due to the crowding of bands44. The 

ligand coordination mode can be established by comparing the complexes infrared spectra 

with the free ligand spectrum; the most important spectral peaks are presented in Table 2. 

Upon complexation, the spectra of all complexes except (10) and (11) showed that the 

absorption frequency of antipyrine carbonyl ν(C=O) group was shifted to a lower frequency 

by about 25-57 cm−1 and appeared in the region 1603-1635 cm−1. This shift was accompanied 

by a decreasing in its intensity confirming the chelation of carbonyl oxygen atom with the 

metal ions45. In the spectra of all complexes the absorption frequency of azomethine ν(C=N) 

group was shifted to a lower frequency side by about 5-41 cm−1 appearing in the region 1595-

1559 cm−1 accompanied with a lowering its intensity and confirming the coordination of 

azomethine nitrogen atom with the metal ions. 
 

Table 3. The IR spectral (cm-1) assignment for the ligand H2L and its metal complexes. 
 

No. (OH/H2O) (C=O) (C=N) (N=N) (NO2) (C-O)ph (OAc/SO4)() (M-O) (M-N) 

1 
3550, 3475,  

3425 
1660(s)  1615(m) 1485 1515, 1350 1280  -- -- 

2 3450(br) 1603(s) 1585 1490 1517, 1370 1330 1560, 1360(200) 570,503 483 

3 3450(br) 1606 1584 1470 1520, 1290 1330 1450, 1345(105) 550,530 480 

4 3460 (br) 1609 1584 1470 1520,1575 1263 
1193, 1160,1150, 

1112, 1025,960 
549,512 492 

5 3455(br) 1610(s) 1586 1492 1520, 1330 1345 -- 583,543 490 

6 3455(br) 1606 1583 1477 1520. 1375 1330 1557,1351(206) 580,525 512 

7 3447(br) 1612 1595 1470 1516, 1370 1325 1566,1370(196) 560,515 500 

8 3457(br) 1600 1580 1478 1515, 1370 1340 1580,1370(210) 595,553 508 

9 3460(br) 1657 1598 1490 1515, 1340 1315 1555,1350(205) 605,590 505 

10 3425(br) 1620 1605 1483 1520, 1338 1315 -- 530,503 482 

11 3457(br) 1660 1589 1490 1520, 1355 1337 -- 580,523 498 

12 3416(br) 1607 1559 1469 1500, 1365 1340 -- 585,544 507 

 

The band of thehydroxyl group is disappeared elucidating that the hydroxyl group 

deprotonated and take part in the chelation to the metal ions. This result is confirmed by the 

upshifting in the frequency of ν(C-O) which appeared in complexes spectra in the 1363-1325 

cm-1 range48. In all complexes, new bands spotted in the 605–530, 590-503 and 512–480 cm-1 

regions which referring to the (M-O), (MO) and (MN) vibrations respectively.36,37 In 



 Abdou S. El-Tabl, et al., J. Chem. & Cheml. Sci. Vol.7(3), 170-191 (2017)  

179 

the acetate complexes, the acetates may be coordinated to the metal ion in unidentate, bidentate 

or bridging bidentate manner. The νas(CO2
–) and νs(CO2

–) of the free acetate ion are at ca. 1560 

and 1416 cm–1 respectively. In the unidentate acetate complexes, ν(C=O) was higher than 

νs(CO2
–) and ν(C–O) was lower than νas(CO2

–). As a result, the separation between the two 

peak was much larger in the unidentate than in the free ion but in the bidentate, the separation 

was lower than in the free ion while in the bridging bidentate, the two ν(CO) were closer to 

the free ion49. In the acetate complexes (2) and (6-9), the appearing of two bands in the 1580-

1557 cm-1 and 1380-1350 cm-1 ranges were imputed to as(COO-) and s(COO-), respectively, 

stating the involvement of the acetate oxygen in the chelation. The difference magnitude () 

between as(CO2
-) and s(CO2

-) in complexes (2) and (6-9),  were in the range 196-208 cm-1 

implying that acetate group was chelated in a monodentate fashion50-51. The sulfato complex 

(4) showed peaks at 1150, 960, 690 cm-1 characteristic for the ionic sulfate group which was 

further confirmed by its high conductance value (127.7-1cm-1mol-1)49. These bands indicate 

that the sulfate ion is chelated to the metal ion in a chelating unidentate fashion49,52. The nitrate 

ions (NO3) can coordinate to metal ions as a unidentate, symmetric, and asymmetric chelating 

bidentate, and bridging bidentate ligand of various structures. It is rather difficult to 

differentiate these structures by vibrational spectroscopy since the symmetry of the nitrate ion 

differs very little among them (C2v or Cs). Even so, vibrational spectroscopy is still useful in 

distinguishing unidentate and bidentate ligands49. Originally, Gatehouse et al.53 noted that the 

unidentate NO3 group exhibits three NO stretching bands, as expected for its C2v symmetry. 

The IR spectrum of the nitrato complex (3) showed bands at ν5(1450), ν1(1345) and ν2(957) 

indicating the nitrate group coordinated to the metal ion. The difference between the two high 

bands (ν5-ν1) is 105 cm−1 indicating that, the nitrate ion bonded to the copper(II) ion is 

unidentate manner49,54-55 A medium broad band observed in the 3460-3416 cm-1 can be 

assigned to the O–H stretching vibrations of water molecules or hydrogen bonds56. The above 

results together with elemental analysis indicates that the ligand acted as a neutral bidentate or 

monobasic tridentate fashion bind to metal ions via the carbonyl oxygen atom of the antipyrine 

moiety, azomethine nitrogen and/or deprotonated hydroxyl group. 

 
Molar conductivity 

 

The molar conductivity of 110-3 M solution of the metal complexes (2-12) in DMF 

at room temperature are given in Table 1. The value of molar conductance of all complexes 

except complex (4) are in the 3.7-33.1 -1 cm2 mol-1 range which is within the expected range 

of (1–35 ohm−1cm2mol−1) for the complexes to behave as nonelectrolytes. These findings 

confirm the non-electrolytic nature of these complexes and support that the anions are 

coordinated to metal ion of these complexes57. The considerably high values of some 

complexes may be due to the partial solvolysis by DMSO57. However, complex (4) gave molar 

conductance value 127.7 Ω-1cm2mol-1, indicating the electrolytic nature of this complex. This 

result is agreeable to Young el al. studies. They have suggested 110-150 Ω-1cm2mol-1 as the 

range for 2:1 electrolyte in DMF58. 
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Mass Spectra of the Ligand 
 

The mass spectrum of the ligand supports the suggested structure of the ligand. It 

reveals molecular ion peak m/z at 456 that is consistent with the molecular weight of the 

ligand. Moreover, the ligand splits to several fragments which possessed ion peaks equal to 

m/z=425, 393, 361, 323, 307, 291, 203, 188, 138, 121, 108, 92, 84 and 77 which corresponding 

to C23H17N6O3, C24H19N5O, C18H17N6O3, C18H19N4O2, C16H13N5O, C11H13N3O, C11H12N2O, 

C6H6N2O2, C7H7NO, C7H8O(C6H8N2), C6H6N and C6H5 respectively (Fig 5). 

 

Electronic absorption spectra and magnetic moments measurements 

 

The structure of the ligand reveals that the two lone pairs of electrons of the azo group 

are not the only interacting non-bonding electrons, since the Schiff base part of the ligand also 

contains azomethine and carbonyl group which may be extra sources of lone pair of electrons. 

Thus, another n→π* transition is expected to occur from these non-bonding orbitals to 

different π* molecular orbitals extending over such large molecules. The electronic spectral 

data of the compounds in DMF are illustrated in Table 3. The ligand spectrum displayed six 

bands in the UV and visible regions at 265, 280, 320, 380, 470, 540 nm. The first two peaks 

of shortest wavelength may be assignable to the π→π* transition in the benzenoid moieties 

and intra ligand π→π* transition. However, the third and fourth peaks could be attributed to 

n→π* transition of azomethine and carbonyl groups. The fifth peak may correspond to π→π* 

transition involving the π-electrons of the azo group. While the last peak which located in the 

visible region at 540 nm can be assigned to n→π* transition involving the whole electronic 

system of the compounds with a considerable charge transfer character arising mainly from 

the phenolic moiety. The metal complexes spectra showed that the n-* transitions were 

shifted to some extent, probably due to the chelation of carbonyl and azomethine groups to the 

metal ion.  
 

The absorption spectra of six-coordinate copper(II) complexes are analyzed assuming 

D4 or C4v symmetry, the eg and t2g levels of the 2D free ion term are further split into B1g, A1g, 

B2g and Eg levels, respectively. Thus, three spin allowed transitions are expected in the visible 

and near IR region of copper(II) and such bands are resolved by Gaussian analysis and 

analyzed by single crystal polarization studies and are assigned to the (1)2B1g2A1g(dx2-

y2dz2); (2)2B1g2B2g (dx2-y2dxy) and (3)2B1g2Bg(dx2-y2dxz,dyz) transitions in order of 

increasing energy. The energy level sequence will depend on the amount of distortion, due to 

ligand field and Jahn-Teller effect. The electronic spectrum of the copper complex (2) displays 

three week bands at 1070, 610, 579 nm which may assumable to 1, 2 and 3 respectively 

indicate that this complex may be considered to possess a tetragonal geometry59-61. Copper(II) 

complexes (3-5) [Table 3], showed three bands in the 1044-1075, 615-706, 510-553 nm ranges 

assignable to (1)2B1g2A1g(dx2-y2dz2), (2)2B1g2B2g(dx2-y2dxy) and (3)2B1g2Bg(dx2-

y2dxz,dyz) transitions suggesting that these complexes may be considered to have five-

coordinate geometry [Fig. 2]62-63. 
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Table 4: - UV-Vis. spectra of the ligand (HL) and its metal complexes. 
 

No Bands (nm) in DMF Electronic transition eff(BM) Geometry 

1 265, 280, 320, 380, 470, 540 *, n, LMCT  --  

2 267, 338, 431, 515, 579, 610, 1007 

(3)
2B1g

2Eg(dx2-y2dxy), 

(2)
2B1g

2B2g
 (dx2-y2dyz dxz)

 

(1)
2B1g

2A1g (dx2-y2dz2) 

  

1.75 
tetragonal 
distorted  

Octahedral 

3 
266, 280, 356, 381, 426, 489, 510, 606, 

1075 
1.88 

Square  

pyramidal 4 267, 279, 372, 549,615, 1044 1.91 

5 266, 279, 372, 553, 620, 1066 1.83 

6 
270, 306, 338, 410, 434, 522,538, 

615,1065 

(3),
3A2g(F)→3T1g(P), (2) 
3A2g(F)→3T1g(F)  

(1)
3A2g(F)→3T2g(F) 1/2=1.73 

3.09 octahedral 

7 266, 309, 337, 427, 518, 562, 606, 1059 

(3)
 4T1g(F)→4T1g(P),  

(2)
 4T1g(F)→4A2g (F) 

(1)
4T1g(F)→4T2g (F), 1/2 =1.75 

4.23 
distorted  

octahedral 

8 266, 279, 375, 424, 506, 545, 586, 640 
(υ1)

6A1g→
4T1g(4G), (υ2) 

6A1g→
4Eg(4G)  

(υ3)
6A1g→

4Eg(4D) (υ4),
6A1g→

4T1g(4P)  
5.97 octahedral 

9 267, 282, 359, 498, 581 Intra-ligand transitions Dia.  

10 267,341, 380, 426, 505, 558, 636 Intra-ligand transitions Dia.  

11 265, 281, 370, 553 Intra-ligand transitions Dia.  

12 266, 280, 372, 426, 547, 1090 
4A1g(S)→4T1g(G), (υ1) 

4A1g(S)→4T2g(G) 

(υ2) 
4A1g(S)→4A1g(G) 4Eg(G)(υ3)  

6.06 octahedral 

 

 

 
Figure. 5. The fragmentation of ligand 
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There are two basic configurations with five coordinated geometry, i.e. square 

pyramidal (SP) and trigonal bipyramidal (TBP). The two configurations SP and TBP are 

characterized by the ground state dx2−y2 and dz2 respectively. It is not possible to differentiate 

between these two geometries on the basis of electronic spectra. Hence it can be distinguished 

based on ESR spectra. Ni(II) complexes are capable to form coordination compounds of 

different stereochemistry viz. square planar, tetrahedral, and octahedral. In an octahedral field, 

the 3F Russel–Saunders term split into three components 3A2g, 3T2g, and 3T1g in order of 

increasing energy. 1D splits into 1Eg and 1T2g, 3P changes into 3T1g, T2g spin allowed transitions 

are thus possible. The room temperature electronic spectra of the nickel complex (6) was 

recorded in DMF at 300 K. The electronic Ni(II) complex are spectrum consistent with an 

octahedral stereochemistry around the nickel(II) ion, showing transition bands at 1065, 615, 

538 nm. These are assignable to the transitions 3A2g(F)3T2g(F),3A2g(F)3T1g(F), 
3A2g(F)3T1g(P), respectively62,64-66. The ν2/ν1 ratio of this complex is 1.73 which is close to 

the usual range 1.50–1.75, consistent with its octahedral stereochemistry nickel(II) complex47. 

At room temperature Co(II) complex (7) electronic spectrum shows electronic spectral bands 

at 1059, 606 and 562 nm corresponding to the transitions 4T1g(F)→4T2g(F), 4T1g(F)→4A2g(F) 

and 4T1g(F)→4T1g(P) suggesting a six-coordinated octahedral geometry. The ratio of ν2/ν1 is 

1.75, lower than for an octahedral cobalt(II) (1.95–2.48), indicates distorted octahedral 

structure. This is consistent with very broad nature of the band which may be assigned to the 

envelope of the transitions from 4Eg(4T1g) to the components 4B2g and 4Eg of 4T2g characteristic 

of tetragonally-distorted octahedral environment64,66-69. The ground term of Mn(II) ion is in 

the sextet. The only sextet term of the d5 configuration in octahedral stereochemistry is the 
6A1g.The transitions of the spectrum are assigned as from the 6A1g ground term to the quartet 

excited term. Electronic absorption spectra of Mn(II) octahedral complex are expected to show 

the following four spin allowed (1)6A1g4T1g(4G) (2)6A1g4Eg(4G), (3)6A1g4Eg(4D) and 

(4)6A1g4T1g(4p) transitions. The Mn(II) complex (8) has exhibited three absorption three 

bands at 640, 586, and 545 cm−1, which corresponds to 1, 2, and 3 transitions respectively, 

suggesting octahedral geometry for the Mn(II) complex. The forth transition (4) was not 

appeared because it was shielded by the strong LMCT transition. These transitions are 

characteristic of a manganese(II) ion in an octahedral environment64,70-71. Zinc(II), 

cadmium(II) and mercury(II) complexes (9-11) showed diamagnetic character as expected for 

d10 configuration. They do not show d-d transitions, and the observed bands are only intra-

ligand transitions72-73. The Zn(II) and Cd(II) complexes are diamagnetic as expected and its 

geometry is most probably octahedral similar to the Mn(II), Co(II) and Ni(II) complexes. For 

Fe(III), there are three transitions: (ν1)6A1g(S)4T1g(G), (ν2)6A1g(S)4T2g(G) and 

(ν3)6A1g(S)4A1g(G),4Eg(G). ν1 locates around 950 cm-1, ν2 occurs between 650 to 550 cm-1 

usually as a shoulder. However ν3 appear around 450 cm-1 74. The Fe(III) complex (12) has 

exhibited two absorption bands at 1090, 547 nm, which may be corresponded to 1 and 2 

transitions respectively, suggesting octahedral geometry around the Fe(III) ions. The third 

transition (3) was not appeared because it was shielded by the strong LMCT transition. 
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Molar magnetic susceptibility 

 

The corrected magnetic moments were calculated from the molar magnetic 

susceptibility values, using Pascal’s constants75. The magnetic moments values for the 

paramagnetic complexes are presented in Table 3 and its magnitudes fall within the ranges 

associated with spin-free high spin ions in octahedral or square pyramidal fields. The copper 

(2-5) complexes magnetic moment value at room temperature are in the 1.75-1.91 B which 

is corresponding to one unpaired electron usually observed for mononuclear copper(II) 

complexes, regardless of stereochemistry. The nickel(II) complex (6) gave magnetic moment 

equal to 2.89 B characteristic of two unpaired electrons system.  The cobalt(II) complex (7) 

has a magnetic moment of 4.74 B which is higher than the spin-only value and a typical value 

of a d7 system with three unpaired electrons indicating a quartet state in an octahedral 

arrangement around the metal, as compared with the reported values for octahedral complexes 

of cobalt(II) (4.7–5.2 B). The manganese(II) complex has a magnetic moment value of 5.97 

B which is typical of high spin d5 systems with five unpaired electrons and S = 5/2 ground 

state. The difference between measured and calculated data results from spin–orbital 

coupling76-77.  

 

EPR of copper(II) complexes  

 

ESR spectra of copper complexes give more information about the bonding site and 

geometry of copper complexes. It was recorded in polycrystalline state at room temperature 

on X-band at frequency 9.8 GHz and their data listed in Table 5. The ESR spectra of the solid 

copper(II) complex (2) exhibit high field signals, which are isotropic due to the tumbling 

motion of the molecules. The giso values of this complex is 2.06. Since copper complexes         

(3-5) are penta-coordinated, there are two basic configurations with five coordinated 

geometry, i.e. square pyramidal (SP) and trigonal bipyramidal (TBP). The two configurations 

SP and TBP are characterized by the ground state dx2−y2 and dz2, respectively. EPR spectra of 

complexes (3-5) provide a very good basis for distinguishing between the two grounds states 

dx2−y2 and dz2. For systems with g>g the geometry is SP but if g<g the geometry is TBP78-80. 

However, the copper(II) complexes (3-5) ESR spectra showed that the complexes exhibited 

anisotropic signals with g, g and giso values are in the 2.26-2.27, 2.057-2.060 and 2.27-2.131 

ranges respectively. These values are typical for a species d9 configuration with an axial 

symmetry type of dx2-y2 ground state. g and gvalues are close to 2.00 and g>g>ge(2.0023), 

stating that all these complexes have a square-pyramidal geometry81. The g>g, trend 

confirmed that the unpaired electron is localized in dx2-y2 orbital and the geometry of these 

complexes are SP rules out the possibility of a TBP structure which would be expected to have 

g<g80,82. With respect to Hathaway expression which stated that G= (g-2)/(g-2), the 

exchange coupling interaction between copper(II) ions is negligible if G˃4 whereas a 

considerable interaction is present if  G˂4 83-84. The G values of our complexes are in the 4.45-

4.64 range [Table 5], indicating that the interaction between copper(II) ions is negligible83. 
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The index of tetragonal distortion f is calculated as f = g||/A||, and depending on the nature of 

the coordinated atom the value may vary from 105 to 135 for small to medium distortion. In 

complexes (3) and (5) the distortion is medium and is found to be 126 and 134 cm but in case 

of complex (4) the distortion is strong85. Kivelson and Neiman show that the g-values in the 

copper(II) complexes can be used as a measure of covalent character of the metal–ligand bond. 

If this value is greater than 2.3, the environment is essentially ionic but if the value less than 

this limit indicate a covalent environment86. The g-values reported here are in the 2.26-2.27 

range, indicating that there is a considerable covalent bonding character in these complexes87. 

The g-values can be related to the parallel (K||) and perpendicular (K⊥) components of the 

orbital reduction factor (K) as following equations88-89. 

K||
2 = (g|| - 2.0023)ΔExy/8λo 

K⊥
2 = (g⊥ - 2.0023)ΔExz/2λo 

K2 = (K||
2+ 2K⊥

2)/3 

Where λo is the spin orbit coupling of the free copper(II) ion (-828 cm-1), ΔExy and ΔExz are 

the electronic transitions 2B1g→ 2B2g and 2B1g→ 2Eg respectively. The calculated values of k||
2, 

k⊥
2 and k2 are in the 0.63-0.66, 0.63-0.69 and 0.63-0.65 ranges respectively Table 5. The data 

showed that, K||
2< K2 which is a good evidence for the assumed 2B1 ground state for the 

complexes. Furthermore, for ionic environment, K = 1, and for covalent environment k is less 

than 1. The lower values of k than the unity (0.79-0.82) are indicative of their covalent nature, 

which in agreement with the conclusion obtained from the values of g|| 88-89. The value of in 

plane sigma bonding parameters 2 was calculated from the following equations 

𝛼2 = (𝑔∥ − 2.0023) +
3

7
(𝑔⊥ − 2.0023) − (

𝐴∥

𝑃
) + 0.04 

where P is the free ion dipolar term equals 0.036, 𝐴∥ is the parallel coupling constant expressed 

in cm-1. If the M-L bond is purely ionic the value of 2 is unity and it is completely covalent, 

if 2 equal to 0.5. The 2 values of the copper complexes (3-5) lie in the range 0.70-0.82, 

indicating to a significant degree of covalency in -plane86,90-91. Also, the in-plane and out-of 

plane π-bonding coefficients and  can be calculated using the following equation.  

K
2

K


The copper(II) complexes (3-5) show and 2 are in the 0.84-0.91 and 0.78-0.94 

ranges respectively, indicating covalent bond character in the in-plane  bonding and out-of-

plane bonding for these complexes. 

It is possible to calculate approximate orbital populations for p or d orbitals using the 

following equations. 
 

𝐴∥ = 𝐴𝑖𝑠𝑜 − 2𝛽(1 ±
7

4
𝑔∥) 

𝐴 = 𝐴𝑖𝑠𝑜 − 𝛽(1 ±
7

2
𝑔⊥)  

g = g- ge  

a2
s=Aiso/Ao         
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a2
p,d=2B/2Bo 

where Ao and 2Bo are the calculated dipolar couplings for unit occupancy of s and d orbitals 

respectively. When the data are analyzed using the Cu63 hyperfine coupling and considering 

all the sign combinations, for complexes the only physically meaningful results are found 

when A|| and A┴ are negative. The resulting isotropic coupling constant and the parallel 

component of the dipolar coupling are negative. The orbital populations (ad
2 %) for the 

complexes are in the 64.2-85.1 % range [Table 5] confirmed that the main orbital is the           

d(x2-y2) ground state. 
 

Table 5: - ESR parameters of copper(II) complexes (2-5) 
 

Complex No. 2 3 4 5 

g|| -- 2.26 2.27 2.26 

g┴ -- 2.06 2.057 2.06 

giso 2.06 2.127 2.131 2.127 

A|| (cm-1) -- 179×10-4 133×10-4 169×10-4 

A┴( cm-1)  -- 4.8×10-4 4.81×10-4 4.81×10-4 

Aiso
 (cm-1) -- 59.6×10-4 44.8×10-4 56.3×10-4 

g||/A|| (cm)  -- 126 171 134 

G -- 4.45 4.64 4.45 

Exy(cm-1) -- 16501 16260 16129 

Exz (cm-1) -- 19607 18214 18083 

K
2 -- 0.64 0.660 0.628 

K
2 -- 0.69 0.638 0.633 

K2 -- 0.65 0.645 0.632 

K -- 0.82 0.80 0.79 

 -- 0.82 0.70 0.79 

β -- 0.78 0.94 0.79 

 -- 0.84 0.91 0.80 

β -- 158.6 151 200 

a2d(%) -- 67.5 64.2 85.1 

 

Thermal analysis of some complexes  

 

Thermal degradation of metal complexes (2-5) and (10-11) were studied in the range of 30–

800 °c to elucidate the nature of water molecules in theses complexes. The solid complexes 

were stable at room temperature and decompose gradually with the formation of respective 

metal oxides. The complexes thermos-behavior showed a good weight loss agreement between 

the calculated and found values. Complex (2) decomposed in four stages. The first one 

occurred in 50-120oC with 2.81% weight losses (calcd. 2.85 %) corresponding to loss of a 

hydrated H2O molecule. The second step occurred in range 190-250 oC with 5.63% weight 

loss (calcd 5.70 %) due to the removal of two coordinated H2O molecules. The third step (250-

300) oC accompanied with 8.45 % weight losses (calcd. 9.40 %) corresponding to removal of 

CH3COOH molecule. The forth step (320-720) oC represents the complete degradation of 

complexes with 66.20 % weight loss (calcd 69.46 %), ending with metal oxide formation 
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(CuO). Complexes (3-5) decomposed in three steps. The first step occurred in the temperature 

range 160-265 oC accompanied with 3.08, 2.99 and 5.38 % weight losses (calcd. 3.01, 3.15 

and 5.53 %) corresponding to removal of one or two coordinated H2O molecules. The second 

step occurred in the temperature range 200-315 oC which was accompanied by 10.09, 6.34 and 

15.35 % weight losses (calcd. 10.35, 6.19 and 14.74 %) corresponding to the elimination the 

HNO3, HCl, H2SO4 respectively. The third stage occurred in the temperature range 270-800 
oC accompanied with 74.98, 77.04 and 67.69 % weight losses (calcd. 73.36, 76.76 and 67.50%) 

corresponding to the degradation of the complexes ending up with formation of CuO. 

Complexes (10) and (11) show three-stage decomposition process. Firstly, elimination of 

hydrated water molecules occurred in the temperature range 50-130 oC with 2.92 and 3.81 % 

weight loss (calcd. 3.29 and 4.50%). Secondly elimination of coordinated water molecules 

occurred in (150-330) oC range with 4.30, 3.04 % weight loss (calcd. 3.29, 3.00 %). The third 

step occurred 340-700 oC range with 80.36, 79.39 % weight loss (calcd. 81.70, 74.48 %) points 

out to the total degradation of complexes ending up with the formation of CdO or HgO.  
 

Table 6. The thermal analysis (TG) of some complexes 
 

   
Temp.  

range oC 
Found (calc.) assignment 

Composition of  

the residue 

2 

50-120 

190-250 

250-300 

320-720 

2.81 (2.85) 

5.63 (5.70) 

8.45(9.4) 

66.20(69.46) 

Dehydration process (4H2O) 

Loss of coordinated water molecule (2H2O) 

Loss of one acetate ion (CH3COOH) 

Complex decomposition forming CuO 

[Cu(L)(CH3COO)(H2O)2] 

[Cu(L)(CH3COO)] 

[Cu(L)] 

CuO 

3 

160-210 

220-315 

320-680 

3.08 (3.01) 

10.09(10.35) 

74.98(73.36) 

Loss of coordinated water molecule (H2O) 

Loss of one nitrate ion (HNO3l) 

Complex decomposition forming CuO  

[Cu(L)(NO3)] 

[Cu(L)] 

CuO 

4 

200-265 

265-285 

290-800 

5.38 (5.53) 

15.35(14.74) 

67.69(67.50) 

Loss of coordinated water molecule (2H2O) 

Loss of one sulphate ion (H2SO4) 

Complex decomposition forming CuO 

[Cu(L)(SO4)] 

[Cu(L)] 

CuO 

5 

100-230 

260-270 

270-800 

2.99 (3.15) 

6.34 (6.19) 

77.04(76.76) 

Loss of coordinated water molecule (H2O) 

Loss of one chloride ion (HCl) 

Complex decomposition forming CuO 

[Cu(L)(Cl)] 

[Cu(L)] 

CuO 

10 

50-70 

150-330 

360-540 

2,92 (3.29) 

4.3 (3.29) 

80.36(81.70) 

Dehydration process (2H2O) 

Loss of coordinated water molecule (2H2O) 

Complex decomposition forming CdO  

[Cd(L)2(H2O)2] 

[Cd(L)2] 

CdO 

11 

50-130 

150-320 

340-700 

3.81 (4.5) 

3.04 (3.00) 

79.39(74.48) 

Dehydration process (2H2O) 

Loss of coordinated water molecule (2H2O) 

Complex decomposition forming HgO  

[Cd(L)2(H2O)2] 

[Cd(L)2] 

HgO 
 

Antimicrobial studies 
 

All compounds were subjected to antifungal and antibacterial screening tests against 

fungi as A. niger and bacteria like E. coli, K. pneumonia and B. subtilis. The screening data 

were presented in Table 7. The result showed that the synthesized ligand is inactive but its 

metal(II) complexes (2–12) exhibited higher antifungal and antibacterial activities than the 

free ligand. However, the complexes are more active against fungi than bacteria. The MIZ 

values revealed that the more active complexes are (10), (11) and (12) which exhibit antifungal 

activity against A. niger (MZI(AI) = 49(196%), 40(160%) and 25(100%) respectively more 
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than or equal to that observed for antifungal drug, Nystatin, MZI = 25. Moreover, the other 

complexes have moderate antifungal activity with MIZ in the 13-21 mm range with activity 

index ranged between 52% to 84%, in comparing with Nystatin. Otherwise, the antibacterial 

screening data revealed that the complexes (9) and (10) are the more active against all bacteria 

strain used with MIZ ranged between 33-48 mm with AI in the range 85-112 %. However, the 

rest complexes have a weak to medium activity against E. coli and K. pneumonia and B. 

subtilis with MIZ values in the 13-27 mm ranges and activity index in the 30-68 % range in 

comparing to antibacterial drug Amoxicillin. The enhancement in the potent antifungal and 

antibacterial activities of the complexes seems to be due to increment of lipophilic character 

of these complexes which could be explained based on Overtone’s concept92-93 and Tweedy’s 

Chelation theory93-94. Based on Overtone’s concept of cell permeability, the liposoliobility is 

an important factor in which the lipid material can pass through the lipid cell membrane, which 

manages the antifungal activity. The positive charge on the metal ion decreased largely due to 

electron donor groups on the ligand as well as overlap with ligand orbitals, which cause a 

decrease in the metal ion polarity. Furthermore, the lipophilicity can be enhanced by increasing 

the delocalization of π-electrons over the ligand rings. This lead to enhance the complex 

penetration through the cell membrane and blocking of the metal binding sites in the enzymes 

of microorganisms. As a result, deactivate various cellular enzymes, which play an important 

role in metabolic pathways of these microorganisms. It is also suggested that the function of 

the toxicant is the product of natural analogue of one or more proteins of the cell, which as a 

result, impairs the normal cellular processes. 
 

Table 7. Results of antimicrobial bioassay of ligand and its complexes (concentration used 

1mg/mL of DMSO), E coli, K. pneumoniae, B subtilis 
 

No. 

Inhibition zone (IZ, mm) and Activity Index (AI, %) 

A. niger E. coli K. pneumoniae B. subtilis 

IZ(mm) AI (%) IZ(mm) AI (%) IZ(mm) AI (%) IZ(mm) AI (%) 

DMSO 0 0% 0 0% 0 0% 0 0 

Nystatin 25 100% -- -- -- -- -- -- 

Amoxicillin -- -- 37 100% 43 100% 40 100% 

1 0 0% 0 0% 0 0% 0 0% 

2 20 80% 17 46% 21 49% 22 55% 

3 19 76% 19 51% 23 53% 20 50% 

4 15 60% 17 46% 19 44% 19 48% 

5 13 52% 18 49% 20 47% 18 45% 

6 20 80% 11 30% 0 0% 13 33% 

7 0 0% 17 46% 16 37% 17 43% 

8 21 84% 21 57% 19 44% 22 55% 

9 17 68% 23 62% 20 47% 27 68% 

10 40 160% 35 95% 48 112% 37 93% 

11 49 196% 33 89% 42 98% 34 85% 

12 25 100% 22 59% 22 51% 23 58% 
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