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hydrazonic ligand synthesis, 

characterization and microbicide activities 
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Abstract-2,4-dihydroxy-2-hydroxybenzylidene) hydrazono)ethyl)phenyl) ethylidene)hydrazono)ethyl)-2,4-dihydroxyphenyl)ethan-1-one 

and its Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Ag(I), Cd(II), Hg(II) and ZrO(II) complexes were synthesized and characterized by spectral and 

analytical techniques. The ligand binds the metal ions as a monobasic or neutral bidentate fashion via the protonated or deprotonated 

hydroxyl oxygen and azomethine nitrogen atom of salicyl moiety. All metal complexes are non-electrolytic in nature possessing a tetrag-

onal distorted octahedral geometry. ESR spectral data of Cu(II) complexes are typical to d9 configuration with an axial symmetry type of 

a d(x2-y2) ground state and a significantly covalent environment. The prepared compounds are more active against Fungi than bacteria. the 

promising active compounds against A. flavus, are (1-6) and (11-14) while complexes (2-6), (8) and (11-13) active against S. cerevisiae. 

 

Index Terms: Metal complexes, Spectroscopic studies, Hydrazone, polydentate, Microbicide activities 

——————————      —————————— 
 

1. INTRODUCTION 

Polydentate hydrazonic ligands possess versatile coor-
dination ability toward various transition metal ions. 
Hence, importance in the construction of metal com-
plexes of several types. They have a key role in organic, 
inorganic and medicinal chemistry because of their 
structures [1, 2] and biological activity. Moreover, they are 
known to  form stable complexes with different transi-
tion metal ions [3]. Hydrazone complexes of VO(II), 
Co(II), Ni(II), Cu(II) and Zn(II)  were recently reported 
as antibacterial[4, 5] while complexes with Ni2+, Cu2+ and 
Zn2+ were reported as antifungal.[6] In 2000 Y. Dong et al. 
reported a set of VO2+ complexes which have anti-leuke-
mic activity.[7] Recently González-Baró et al. assayed the 
cytotoxicity activity of  oxidovanadium(V) complexes 
with an Isonicotinohydrazide against the chronic mye-
logenous leukemia K562 cell line.[8] Because of hydra-
zoine ligand can have interesting biological activities 
and in continuation of our previous work, on the prepa-
ration of bioactive metal complexes.[3, 9-11]  
This work redirected to prepare new polydentate hydra-
zonic ligand, 2,4-dihydroxy-2-hydroxybenzylidene) hy-
drazono)ethyl)phenyl)ethylidene) hydrazono)ethyl)-
2,4-dihydroxyphenyl)ethan-1-one and its Fe3+, Co2+, 

Ni(II), Cu(II), Zn(II), Ag(II), Cd(II), Hg(II) and ZrO(II) 

complexes. The structure of the new compounds was 
studied by analytical and spectroscopic techniques.  
Moreover, the antimicrobial activity for the prepared 
compounds was evaluated against A. flavus, S. cerevisiae, 
B. subtilis and E. coli by disc-agar diffusion method.  
2.Experimental 
2.1. Materials  
All the reagents employed for the preparation of the lig-
and and its complexes were of the analytical grade avail-
able and used without further purification. 1,1'-(4,6-di-
hydroxy-1,3-phenylene)bis (ethan-1-one), hydrazine hy-
drate and 2-hydroxy benzaldehyde were 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 (as-
say≥98%),  Ni(CH3COO)2·4H2O (assay≥99%), 
Co(CH3COO)2.4H2O (assay≥99.995%), (assay≥99%), 
Zn(CH3COO)2·2H2O (assay≥99.99%), FeCl3·6H2O  (as-
say≥97%), Cd(CH3COO)2·2H2O (assay≥99.99%),  
Hg(CH3COO)2.4H2O (assay≥97%), Ag(CH3COO) (as-
say≥99%), ZrOCl2.8H2O(assay ≥99.5%),  NiSO4·7H2O (as-
say≥99%),  triethyl amine, TEA (assay 98%). 
2.2. Physical Measurements 
The ligand and its metal complexes were analyzed for 
C, H, N and Cl at the Micro-Analytical Laboratory, Cairo 
University, Egypt. Standard analytical methods were 
used to determine the metal ion content.[12-15] FT- IR spec-
tra of the ligand and its metal complexes were measured 
using KBr discs with Jasco FT/IR 6100 type A infrared 
spectrophotometer covering the range 400-4000 cm-1. 
The electronic absorption spectra of the investigated 
compounds were recorded on Unico 4802 UV/Vis. dou-
ble beam spectrophotometer (190-1100 nm). The elec-
tronic absorption spectra of both ligand and its metal 
complexes were recorded using 1-cm quartz cells using 
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DMSO as a solvent. The thermal analysis (TG) was car-
ried 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 tetrathiocyanatocobal-
tate(II) as the magnetic susceptibility standard. Diamag-
netic corrections were estimated from Pascal’s con-
stant.[16] The magnetic moments were calculated from 
the equation (1): 
𝛍𝛍𝐞𝐞𝐞𝐞𝐞𝐞= 𝟐𝟐.𝟖𝟖𝟖𝟖�𝛘𝛘𝐌𝐌𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜.𝐓𝐓                                                            (1) 
The molar conductivity of 10-3 M of metal complexes in 
dimethyl sulfoxide (DMSO) was determined using Jen-
way conductivity meter 4310 at room temperature. The 
molar conductivities were calculated according to the 
following equation (2): 
 Λ𝑴𝑴 = 𝑽𝑽× 𝑲𝑲× 𝑴𝑴𝑴𝑴

𝒈𝒈× Ω
                                                                (2)  

where: ΛM = molar conductivity / Ω-1 cm2 mol-1, V = vol-
ume 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, Ω = resistance. NMR spectrum 
was obtained on Brucker Avance 600-DRX spectrome-
ters. ESR measurements of solid complexes at room tem-
perature were made using Varian E-109 spectrophotom-
eter, with DPPH as a standard material. TLC was used 
to confirm the purity of the prepared compounds. 
2.3. Synthesis of the ligand 
2.3.1. Synthesis of 1-hydrazonoethyl)-2,4-dihydroxy-

phenyl)ethylidene)hydrazono)ethyl)-2,4-dihydroxy-
phenyl)ethan-1-one 

1-hydrazonoethyl)-2,4-dihydroxyphenyl)ethyli-
dene)hydrazono)ethyl)-2,4-dihydroxyphenyl) ethan-1-
one was prepared by refluxing 1'-(4,6-dihydroxy-1,3-
phenylene)bis(ethan-1-one) (388 mg, 2.0 mmol) in 20 mL 
of absolute ethanol to hydrazine hydrate (100 mg, 2.0 
mmol) (Fig. 1). The mixture was refluxed while stirring 
for 4 h. The solid product was filtered off, washed with 
cold ethanol, followed by crystallization from ethanol 
and finally dried under vacuum over anhydrous P4O10 
2.3.2. Synthesis of the ligand, (H5L) 
The ligand, 2,4-dihydroxy-2-hydroxybenzylidene) hy-
drazono)ethyl)phenyl)ethylidene) hydrazono)ethyl)-
2,4-dihydroxyphenyl)ethan-1-one (H5L) was prepared 
by adding equimolar amounts of 1-hydrazonoethyl)-2,4-
dihydroxyphenyl)ethylidene)hydrazono)ethyl)-2,4-dihydrox-
yphenyl) ethan-1-one (398 mg, 1.0 mmol) in (50 mL) abso-
lute ethanol to (122 mg, 1.0 mmol) of 2-hydroxy benzal-
dehyde in 20 mL absolute ethanol (Fig. 1). The mixture 
was refluxed while stirring for 3 h. The 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 1-2. (36.3 mg, 36.3 mmol, 80.0 
%) as an olive solid, m.p. 260 °C. Elemental analysis for 
H5L(C27H26N4O6) (M. Wt. 502.53): Found (calcd) %C 
64.15(64.53), %H 4.62(5.22), %N 10.68(11.15). IR (KBr, 
cm-1), 3555, 3480, 3405, 3240 ν(OH/H2O), 1645 ν(C=O), 
1620, 1605, 1570 ν(C=N), 1250 ν(C-O)ph, 1045 ν(C-O)Res. 
1H-NMR (600 MHz, DMSO-d6): δ = 14.338, 14.042, 12.99, 
11.137, 10.945 ppm (s, 5H, OH), 8.918 ppm (s, 1H, H-
C26=N14), 2.668, 2.507 ppm (15,16&24CH3&37CH3). 13C-NMR 
(150 Mhz, DMSO-d6): 202.18 ppm (C35=O36), δ = 169.5, 
166.07, 164.43, 159.66 (C-OH), 169.11, 157.86 ppm (C=N), 

103.06-134.35 ppm (C-H)ph, δ = 26, 14.3 ppm (CH3)Res. UV. 
vis. (1-cm quartz cells, DMSO) 260, 281, 310, 362 nm. 
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Fig. 1: Synthesis the ligand, 2,4-dihydroxy-2-hydroxybenzyli-

dene)hydrazono)ethyl)phenyl)ethylidene)hydrazono)ethyl)-2,4-
dihydroxyphenyl)ethan-1-one 

 
2.4. Synthesis of the metal complexes (2-14) 
2.4.1. Synthesis of metal complexes (2), (7), (8), (10), (12) 

and (14) 
The metal complexes (2), (7), (8), (10), (12) and (14) were 
prepared by refluxing a hot ethanolic solution of the lig-
and (502 mg 1 mmol, 50 mL ethanol) with hot ethanolic 
solution of Cu(OAc)2.H2O (199.5 mg, 1 mmol) (2), 
Ni(OAc)2.4H2O (248.8 mg, 1 mmol) (7), Co(OAc)2.4H2O 
(249 mg, 1 mmol) (8), Zn(OAc)2.2H2O (220 mg, 1 mmol) 
(10), Hg(OAc)2.4H2O (318 mg, 1.0 mmol) (12), and 
ZrOCl2.8H2O (322.3 mg, 1 mmol) (14) respectively. The 
reaction mixtures were refluxed for 4 h. accompanied by 
stirring. 3 mL of diethyl amine were added to the reac-
tion mixture in order to initiate precipitation of com-
plexes. When the precipitate appeared, it was removed 
by filtration, washed with ethanol then by diethyl ether 
and dried in vacuum over P4O10. Analytical data are 
given in experimental part and table 1-2.  
Cu(II) complex (2): Yield (74%), m.p. >300 oC; color: dark 
olive; µeff = 1.77; molar conductivity (m): 3.8 ohm-

1cm2mol-1. Elemental analysis for 
[Cu(H4L)(CH3COO)(H2O)2], C29H32N4O10Cu, (660.14): 
Found (calcd) %C 52.8(52.76), %H 4.74(4.89), %N 
9.15(8.49), %Cu 9.59(9.63). IR (KBr, cm-1), 3560, 3475, 
3415, 3240 ν(OH/H2O), 1640 ν(C=O), 1620, 1607, 1565 
ν(C=N), 1258 ν(C-O)ph, 1043 ν(C-O)Res,  1540/1435(∆= 
105) νs/as(CH3COO), 525 ν(Cu-O), 470 ν(Cu-N). UV. vis. 
(1-cm quartz cells, DMSO) 270, 300, 390, 410, 435, 569, 
1078 nm. 
Ni(II) complex (7): Yield (68%), m.p. >300 oC; color: ol-
ive; µeff = 3.84; molar conductivity (m): 6.2 ohm-1cm2mol-

1. Elemental analysis for [Ni(L)(CH3COO)(H2O)2], 
C29H32N4O10Ni, (655.29): Found (calcd) %C 54.44(53.16), 
%H 4.81(4.92), %N 8.34(8.55), %Ni 8.74(9.21). IR (KBr, 
cm-1), 3550, 3450, 3410, 3240 ν(OH/H2O), 1641 ν(C=O), 
1620, 1608, 1570 ν(C=N), 1255 ν(C-O)ph, 1050 ν(C-O)Res,  
1547/1470(∆= 77) νs/as(CH3COO), 510 ν(Ni-O), 475 ν(Ni-
N). UV. vis. (1-cm quartz cells, DMSO) 276, 290, 330, 360, 
438, 620, 1060 nm. 
Co(II) complex (8): Yield (75%), m.p. >300 oC; color: 
brown; µeff = 4.98; molar conductivity (m): 6.3 ohm-

1cm2mol-1. Elemental analysis for 
[Co(H4L)(CH3COO)(H2O)2].H2O, C29H34N4O11Co, 
(673.54): Found (calcd) %C 51.73(51.71), %H 4.74(5.09), 
%N 7.89(8.32), %Co 8.55(8.75). IR (KBr, cm-1), 3550, 3480, 
3410, 3230 ν(OH/H2O), 1640 ν(C=O), 1620, 1608, 1572 
ν(C=N), 1256 ν(C-O)ph, 1048 ν(C-O)Res,  1544/1440(∆= 
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104) νs/as(CH3COO), 555 ν(Co-O), 485 ν(Co-N). UV. vis. 
(1-cm quartz cells, DMSO) 263, 281, 320, 390, 477, 570, 
1060 nm. 
Zn(II) complex (10): Yield (78%), m.p. >300 oC; color: ol-
ive; molar conductivity (m): 3.5 ohm-1cm2mol-1. Ele-
mental analysis for [Zn(H5L)(CH3COO)2], 
C31H32N4O10Zn, (686.00): Found (calcd) %C 53.70(54.28), 
%H 4.76(4.70), %N 8.13(8.17), %Zn 8.89(9.53). IR (KBr, 
cm-1), 3550, 3480, 3420, 3240 ν(OH/H2O), 1645 ν(C=O), 
1615, 1600, 1570, 1550 ν(C=N), 1265 ν(C-O)ph, 1045 ν(C-
O)Res,  1530, 1420 (∆= 110) νs/as(CH3COO), 575 ν(Zn-O), 
455 ν(Zn-N). UV. vis. (1-cm quartz cells, DMSO) 263, 
288, 306, 373, 400 nm. 
Hg(II) complex (12): Yield (75%), m.p. >300 oC; color: ol-
ive; molar conductivity (m): 2.3 ohm-1cm2mol-1. Ele-
mental analysis for [Hg(H4L)(CH3COO)(H2O)2].H2O, 
C29H34N4O11Hg, (815.20): Found (calcd) %C 42.28(42.73), 
%H 3.34(4.20), %N 6.71(6.87), %Hg 24.00(24.61). IR (KBr, 
cm-1), 3640, 3360, ν(OH/H2O), 1645 ν(C=O), 1625, 1603, 
1575 ν(C=N), 1270 ν(C-O)ph, 1042 ν(C-O)Res,  1560/1460 
(∆= 100) νs/as(CH3COO), 525 ν(Hg-O), 505 ν(Hg-N). UV. 
vis. (1-cm quartz cells, DMSO) 264, 296, 340, 382, 425 nm. 
ZrO(II) -complex (14): Yield (74%), m.p. >300 oC; color: 
brown; molar conductivity (m): 6.6 ohm-1cm2mol-1. Ele-
mental analysis for [ZrO(H4L)(Cl)(H2O)0.5], 
C27H26N4O7.5ZrCl, (653.20): Found (calcd) %C 
49.41(49.65), %H 4.33(4.01), %N 8.11(8.58), %Zr 
5.04(5.43). IR (KBr, cm-1), 3550, 3450, 3410, 3240 
ν(OH/H2O), 1643 ν(C=O), 1620, 1605, 1570 ν(C=N), 1268 
ν(C-O)ph, 1046 ν(C-O)Res,  950 ν(Cl), 550 ν(Zr-O), 495 
ν(Zr-N). UV. vis. (1-cm quartz cells, DMSO) 269, 277, 
337, 377, 403 nm. 
2.4.2. Synthesis of metal complexes (3-6), (9), (11) and 

(13) 
The metal complexes (3-6), (9), (11) and (13) were pre-
pared by refluxing a hot ethanolic solution of the ligand 
(1004 mg 2 mmol, 50 mL ethanol) with hot ethanolic so-
lution of CuCl2.2H2O (170 mg, 1 mmol) (3), 
Cu(SO4)2.5H2O (245 mg, 1 mmol) (4), Cu(NO3)2.3H2O 
(241 mg, 10 mmol) (5), Ni(SO4.7H2O (262.9 mg, 1 mmol) 
(6), FeCl3.6H2O (270.3 mg, 1 mmol) (9), Cd(OAc)2.2H2O 
(267 mg, 1 mmol) (11)  and Ag(OAc) (166.9 mg, 1 mmol) 
(13) respectively. The reaction mixtures were refluxed 
for 4 h. accompanied by stirring. 3 mL of triethyl amine 
were added to the reaction mixture in order to initiate 
precipitation of complexes. When the precipitate ap-
peared, it was removed by filtration, washed with etha-
nol then by diethyl ether and dried in vacuum over 
P4O10. Analytical data are given in experimental part. 
Cu(II) complex (3): Yield (69%), m.p. >300 oC; color: ol-
ive; µeff = 1.87; molar conductivity (m): 5.0 ohm-1cm2mol-

1. Elemental analysis for [Cu(H4L)2(H2O)2], 
C54H54N8O14Cu, (1102.61): Found (calcd) %C 
59.53(58.82), %H 4.85(4.96), %N 10.23(10.16), %Cu 
5.99(5.86). IR (KBr, cm-1), 3610, 3240 ν(OH/H2O), 1645 
ν(C=O), 1615, 1607, 1575 ν(C=N), 1269 ν(C-O)ph, 1047 
ν(C-O)Res,  580 ν(Cu-O), 460 ν(Cu-N). UV. vis. (1-cm 
quartz cells, DMSO) 266, 289, 351, 400, 450, 517, 1078 nm. 
Cu(II) complex (4): Yield (77%), m.p. >300 oC; color: 
brown; µeff = 1.99; molar conductivity (m): 15.5 ohm-

1cm2mol-1. Elemental analysis for 
[Cu(H5L)2(SO4)(H2O)].4H2O, C54H62N8O21CuS, (1254.73): 
Found (calcd) %C 51.81(51.69), %H 4.71(4.98), %N 

9.00(8.95), %Cu 4.71(5.06). IR (KBr, cm-1), 3600, 3320 
ν(OH/H2O), 1645 ν(C=O), 1615, 1570 ν(C=N), 1270 ν(C-
O)ph, 1045 ν(C-O)Res,  1138, 1070, 900 ν(SO4), 555 ν(Cu-O), 
485 ν(Cu-N). UV. vis. (1-cm quartz cells, DMSO) 277, 
297, 387, 434, 600, 1072 nm. 
Cu(II) complex (5): Yield (75%), m.p. >300 oC; color: 
brown; µeff = 2.18; molar conductivity (m): 11.9 ohm-

1cm2mol-1. Elemental analysis for [Cu(H5L)2(NO3)2], 
C54H52N8O18Cu, (1192.61): Found (calcd) %C 
55.03(54.38), %H 4.96(4.40), %N 10.55(11.74), %Cu 
4.81(5.33). IR (KBr, cm-1), 3560, 3480, 3420, 3240 
ν(OH/H2O), 1645 ν(C=O), 1620, 1570 ν(C=N), 1268 ν(C-
O)ph, 1045 ν(C-O)Res,  1455, 1360, 950 ν(NO3), 555 ν(Cu-
O), 485 ν(Cu-N). UV. vis. (1-cm quartz cells, DMSO) 260, 
281, 310, 362, 490, 635, 1060 nm. 
Ni(II) complex (6): Yield (78%), m.p. >300 oC; color: ol-
ive; µeff = 3.56; molar conductivity (m): 30.7 ohm-

1cm2mol-1. Elemental analysis for [Ni(H5L)2(SO4)(H2O)], 
C54H54N8O17NiS, (1177.82): Found (calcd) %C 
54.63(55.07), %H 4.43(4.62), %N 9.11(9.51), %Ni 
4.89(4.98). IR (KBr, cm-1), 3555, 3470, 3420, 3230 
ν(OH/H2O), 1638 ν(C=O), 1621, 1611, 1573 ν(C=N), 1261 
ν(C-O)ph, 1049 ν(C-O)Res,  1115, 1049, 880 ν(SO4), 576 
ν(Ni-O), 479 ν(Ni-N). UV. vis. (1-cm quartz cells, 
DMSO) 263, 288, 326, 383, 500, 650, 1085 nm. 
Fe(III) complex (9): Yield (78%), m.p. >300 oC; color: 
brown; µeff = 5.44; molar conductivity (m): 17.2 ohm-

1cm2mol-1. Elemental analysis for [Fe(H4L)2(Cl)(H2O)], 
C54H52N8O13ClFe, (112.35): Found (calcd) %C 
57.76(58.31), %H 4.92(4.71), %N 10.00(10.07), %Cl 
2.75(3.19), %Fe 5.89(5.02). IR (KBr, cm-1), 3530, 3460, 3410 
ν(OH/H2O), 1640 ν(C=O), 1620, 1607, 1570 ν(C=N), 1267 
ν(C-O)ph, 1047 ν(C-O)Res,  577 ν(Fe-O), 465 ν(Fe-N). UV. 
vis. (1-cm quartz cells, DMSO) 255, 285, 340, 380, 470, 
540, 880 nm. 
Cd(II) complex (11): Yield (79%), m.p. >300 oC; color: ol-
ive; molar conductivity (m): 4.2 ohm-1cm2mol-1. Ele-
mental analysis for [Cd(H4L)2], C54H50N8O120Cd, 
(1115.45): Found (calcd) %C 58.78(58.15), %H 4.78(4.52), 
%N 9.83(10.05), %Cu 9.88(10.08). IR (KBr, cm-1), 3600, 
3320 ν(OH/H2O), 1645 ν(C=O), 1617, 1602, 1578, 1558 
ν(C=N), 1271 ν(C-O)ph, 1043 ν(C-O)Res, 590 (Cd-O), 515 
ν(Cd-N), 1H-NMR (600 MHz, DMSO-d6): δ = 13.432, 
11.02, 10.645, ppm (s, 4 H, OH), 8.633 ppm (s, 1H, H-
C26=N14), 2.721, 2.543 ppm (15,16&24CH3&37CH3). UV. vis. 
(1-cm quartz cells, DMSO) 264, 286, 308, 380, 410 nm. 
Ag(I) complex (13): Yield (70%), m.p. >300 oC; color: ol-
ive; molar conductivity (m): 2.3 ohm-1cm2mol-1. Ele-
mental analysis for [Ag(H5L)2(CH3COO)(H2O)], 
C56H55N8O14Ag, (1171.97): Found (calcd) %C 
57.05(57.39), %H 4.64(4.73), %N 8.95(9.56), %Ag 
8.83(9.20). IR (KBr, cm-1), 3555, 3480, 3410, 3210 
ν(OH/H2O), 1642 ν(C=O), 1618, 1607, 1565, 1555 ν(C=N), 
1270 ν(C-O)ph, 1045 ν(C-O)Res,  1539, 1420(∆= 119) 
νs/as(CH3COO), 557 ν(Ag-O), 457 ν(Ag-N). UV. vis. (1-cm 
quartz cells, DMSO) 270, 285, 336, 364, 395 nm. 
2.5. Biological activities 
Antimicrobial activities of the synthesized compounds 
(1-14) were evaluated against a panel of microorganisms 
in comparison with both positive controls (nystatin for 
fungi, tetracycline for bacteria) and negative controls 
(solvent, DMSO) as well as metal salt solutions. Micro-
organisms used were Gram positive bacteria (Bacillus 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 2, February-2019                                                                       901 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org 

subtilis), Gram-negative bacteria, Escherichia coli (E. coli) 
and fungi, Aspergillus flavus (A. flavus) and Saccharomyces 
cerevisiae (S. cerevisiae). All microorganisms used were 
obtained from the culture collection of Lab. of microbi-
ology, Biology Department, Faculty of Science and Arts, 
University of Jeddah, KSA. The microorganisms were 
passaged at least twice to ensure purity and viability. 
The compounds were mounted on a concentration of 
100 μg/disc. The bacteria were maintained on nutrient 
agar medium while yeast and fungi were maintained on 
Czapek Dox´s agar medium. DMSO showed no inhibi-
tion zone was used as a negative control. The agar media 
were incubated with different microorganism cultures 
tested. After 24 h of incubation at 37 °C for bacteria and 
yeast and 72 h of incubation at 28 °C for A. flavus, the 
diameter of inhibition zone in mm was measured. Tet-
racycline and nystatin were used as a positive control 
for antimicrobial activity at concentration of 100 μg/disc. 
2.5.1. Preparation of the discs 
Compounds (1-14) together with the positive control 
(tetracycline, nystatin) were mounted on a paper disc 
prepared from blotting paper (5 mm diameter) with the 
help of a micropipette in a concentration of 100 μg/disc. 
The discs were applied on the microorganism-grown 
agar plates. 
2.5.2. Preparation of agar plates 
Minimal agar was used for the growth of specific micro-
bial species. The preparation of agar plates for Bacillus 
subtilis, and Escherichia coli (bacteria) utilized nutrient 
agar (2.30 g/ 100 ml distilled water) and Czapek Dox´s 
agar medium (3.9 g/100 ml distilled water) for A. flavus 
and S. cerevisiae (fungi). This could soak for 15 min and 
then boiled on a water bath until the agar was com-
pletely dissolved. The mixture was autoclaved for 15 
min at 120 oC and then poured into previously sterilized 
Petri dishes and stored at 30 °C for inoculation. 
2.5.3. Inoculation procedure 
Spore suspension was prepared with the help of a plati-
num wire loop to reach a microbial concentration equiv-
alent 0.5 Mac-Farland. 
2.5.4. Application of the discs 
Sterilized forceps were used for the application of the 
paper disc on previously inoculated agar plates. When 
the discs were applied, they were incubated at 37 °C for 
24 h for bacteria and yeast, and at 28 °C for 48 h for fungi. 
The zone of inhibition around the disc was then meas-
ured in millimeters. The activity index for the complexes 
was calculated by following formula.[6] 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 𝑏𝑏𝑏𝑏 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 𝑏𝑏𝑏𝑏 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  × 100 

 
3. RESULTS AND DISCUSSION 
The reaction of ligand (1) with metal salts in mole ratios 
(1L: 1M) or (2L: 1M) gave complexes; (2-14). All metal 
complexes are colored, solids, and stable in ordinary 
conditions and don’t decompose after elongated storage 
at room temperature. The complexes are insoluble in 
solvents H2O, EtOH, MeOH, C6H5CH3, CH3CN and 
CHCl3, but completely soluble in both dimethylforma-
mide (DMF) and dimethyl sulfoxide (DMSO). Elemental 
analyses, physical and spectral data are presented in ex-
perimental part. The analyses data agree with the as-
sumed formula illustrated in Figs. 2-6. The elemental 

analyses confirmed that, the complexes (2), (7), (8), (10), 
(12) and (14) were found to be formed in 1L:1M molar 
ratio while complexes (3-6), (9), (11) and (13) were found 
to be formed in molar ratio 2L:1M. 
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Fig. 2: Structure representation of Cu(II), Ni(II), Co(II) 

and Hg(II) complexes (2), (7-8) and (12) 
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Fig. 3: Structure representation of Zn(II)complex (10)   
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Fig. 4: Structure representation of ZrO(II) complex (14) 

3.1. Molar conductivity 
The molar conductivity of 1×10-3 M solution of the 

metal complexes (2-14) in DMF at room temperature are 
given in experimental part. The values of molar con-
ductance of all complexes are in the 2.3-30.7 Ω-1 cm2 mol-

1 range which is within the expected range of (1–35 
ohm−1cm2mol−1) for the complexes to behave as nonelec-
trolytes. These findings confirm the non-electrolytic na-
ture of these complexes and support that, the anions are 
coordinated to metal ion in these complexes.[17] The con-
siderably high values of some complexes may be due to 
the partial solvolysis by DMF.[17] 
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Fig. 5: Structure representation of Cu(II), Fe(III), Zn(II) 

and Cd(II) complexes (3) and (9) and (11) 
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Fig. 6: Structure representation of Cu(II), Ni(II), Tl(I) and 

Ag(I) complexes (4-6) and (13) 
 

3.2. Nuclear magnetic resonance spectrum  
3.2.1. 1H- NMR spectrum 
The observed 1H- and 13C- chemical shifts of the ligand 
(1) in DMSO-d6 are presented in experimental part. The 
ligand 1H-NMR spectrum is compatible with the pro-
posed structure as shown in Fig. 1. The signals observed 
as singlet at 14.338, 14.042, 12.99, 11.137 and 10.945 ppm 
(s, 1H, OH) were assigned to the hydroxyl protons of 
resorcinol and salicyl moieties. The considerable high δ 
values of these hydrogen chemical shifts is related to the 
proton-attachment to high electronegative atoms (oxy-
gen). This assignment is supported by the apparent in-
tensity decreased of these signals in the deuterated lig-
and spectrum. While the singlet observed at 8.918 ppm 
is attributed to the azomethine proton (s, 1H, H-C26=N14). 
The positions of these signals in the downfield region as 
well as the broadening of OH signal suppose the pres-
ence of a considerable extent of hydrogen bonding. 
While the chemical shift of the aromatic protons was ob-
served in the range 6.391-8.2312 [18-20]. Finally, the singlet 
peaks observed at δ = 2.668 and 2.507 ppm were assign-
able to the methyl group protons (15,16&24CH3&37CH3). By 
comparison of the 1H- NMR of the ligand and that of the 
Cd(II) complex (11), it was found that the signal of hy-
droxyl proton of the salicyl moiety disappeared indicat-
ing that, the ligand bonded to the Cd(II) ion by the 
deprotonated hydroxyl group of salicyl moiety. In addi-
tion, there is a significant downfield shift of the azome-
thine 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 
(N→M).[21, 22] 
3.2.2.   13C- NMR spectrum 
The ligand 13C-NMR spectrum showed a signal at 202.18 
ppm which could be assigned to carbonyl group 
(C35=O36). The chemical shift which observed at δ = 169.5, 
166.07, 164.43, 159.66 were attributed to the carbon at-
oms attached to the hydroxyl groups.[20] Whereas the 
chemical shift appeared at 169.11 and 157.86 ppm were 
attributed the carbon atoms of azomethine groups. 
While the chemical shifts appeared in the 103.06-134.35 
ppm range were assignable to the aromatic proton of 
resorcinol and salicyl moieties. The chemical shift ap-
pearing at 26 and 14.3 ppm could be attributed to the 
methyl carbon atoms of resorcinol moiety.  
3.3. Mass spectra of the ligand 

The mass spectrum of the ligand supports its suggested 
structure. It reveals molecular ion peak m/z at 502 is con-
sistent with the molecular weight of the ligand. Moreo-
ver, the mass spectrum of ligand showed several frag-
ments which possessed ion peaks in the range 398- 485 
due the elimination of hydroxyl and/or methyl groups. 
In addition, there are many main peaks with molecular 
ions peaks equal to m/z= 382, 310, 192, 161, 150, 135, 120, 
93 and 77 which corresponding to C20H20N3O4, 
C17H16N3O3, C10H10NO3, C9H9N2O, C8H8NO2, C7H5NO2, 
C7H6NO, C6H5O and C6H5 respectively. The mass spec-
trum of Zn(II) complex (10) support their proposed 
structure. It shows molecular ion peaks m/z at 686 con-
sistent with its molecular weight. 
3.4. Infrared spectra (IR) 
The IR spectrum of the ligand and its metal complexes 
are listed in experimental part. The spectrum of ligand 
showed a band at 1645 cm−1 which may be attributable 
to the carbonyl group of resorcinol moiety ν(C=O), 
while the week and broad bands which observed in the 
3240-3555 cm−1 range is attributable to the stretching vi-
bration of the hydroxyl group of resorcinol and salicyl 
moieties associated in an inter- and intermolecular hy-
drogen bonding.[23-29] The spectrum of the ligand also 
showed bands in the range 1620-1570 cm−1 which may 
be assignable to azomethine ν(C=N) and aromatic 
ν(C=C) groups. In addition, the bands which appeared 
at 1250, 1045 may be assignable to the phenolic ν(C-OH) 
of the salicyl[29, 30] and resorcinol[31, 32] moieties respec-
tively. The chelation mode of the ligand can be estab-
lished by comparing the infrared spectra of complexes 
with that of the free ligand. This comparison showed 
that, the ligand acts as a neutral or monobasic bi-dentate 
agent bonding to metal ions through oxygen atom of 
protonated or deprotonated hydroxyl group and azo-
methine nitrogen atom of the salicyl moiety, the follow-
ing evidences proposed this bonding mode: i) The 
higher shift of phenolic C–O band of salicyl moiety with 
respect to the spectrum of the parent ligand and ap-
peared in the 1255-1271 cm-1 range. ii) There is a signifi-
cant downfield shift of the azomethine proton signal in 
the 1H-NMR spectrum of Cd(II) complex relative to the 
free ligand that indicates the coordination of the azome-
thine nitrogen atom of salicyl moiety with metal ions. 
iii)The disappearance of the signal characteristic to the 
hydroxyl group proton of salicyl moiety in the 1NMR 
spectrum of Cd(II) complex (11) confirmed that, the 
monobasic nature of the ligand. iv) The presence of new 
bands in the 457-590 cm-1 range could be attributed to 
the metal bond with oxygen and nitrogen atoms. In the 
acetate complexes, the acetate 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 uniden-
tate 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 
ion.[33] In the acetate complexes (2), (7-8), (10), (12) and 
(13), the appearing of two bands in the 1539-1560 cm-1 
and 1420-1470 cm-1 ranges were imputed to νas(COO-) 
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and νs(COO-), respectively, stating the involvement of 
the acetate oxygen in the chelation. The difference mag-
nitude (∆) between νas(CO2-) and νs(CO2-) in these com-
plexes were in the range 77-119 cm-1 implying that ace-
tate group was chelated as a bidentate fashion.[10, 34] The 
sulfato complex (4) and (6) revealed bands at 1138, 1070 
and 900; 1115, 1049 and 880 cm-1 characteristics for the 
coordinated sulphate group which was further con-
firmed by their low conductance values.[33, 35] The nitrate 
ions (NO3) can coordinate to a metal ion as a unidentate, 
symmetric, and asymmetric chelating bidentate, and 
bridging bidentate ligand of various structures. It is ra-
ther difficult to differentiate these structures by vibra-
tional spectroscopy since the symmetry of the nitrate ion 
differs very little among them (C2v or Cs). Even so, vibra-
tional spectroscopy is still useful in distinguishing uni-
dentate and bidentate ligands.[33] Originally, Gatehouse 
et al.[36] noted that the unidentate NO3 group exhibits 
three NO stretching bands, as expected for its C2v sym-
metry. The IR spectrum of the nitrato complex (5) 
showed bands at ν5(1455), ν1(1360) and ν2(950) indicating 
the nitrate group coordinated to the metal ion. The dif-
ference between the two high bands (ν5-ν1) is 95 cm−1 in-
dicating that, the nitrate ion bonded to the Cu(II) ion is 
unidentate manner.[33, 37, 38] In case of ZrO(II) complexes 
(14), it can be noted that, there is a new band at 950 cm-1 
for this complex, which attributable to  ν(Zr=O).[39] The 
spectral results together with elemental analysis indi-
cates that, the ligand acted as a neutral bidentate or 
monobasic bidentate fashion bind to metal ions via oxy-
gen atom of protonated or deprotonated hydroxyl 
group and azomethine nitrogen atom of the salicyl moi-
ety. 
3.5. Electronic absorption spectra and magnetic mo-

ments measurements 
The electronic spectra of the ligand (1) and its metal 
complexes (2-14) were carried out in DMF and their data 
are listed in experimental part. The spectrum of the lig-
and showed four bands at 260, 281, 310 and 362 nm. The 
first two bands of shortest wavelength may be assigna-
ble 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 metal complexes 
spectra showed that, the bands characteristic to n-π* 
transitions were shifted to some extent, probably due to 
the chelation of carbonyl and azomethine groups to the 
metal ion.[40, 41] The absorption spectra of six-coordinate 
Cu(II) complexes are analyzed assuming D4 or C4v sym-
metry, the eg and t2g levels of the 2D free ion term are fur-
ther 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 sin-
gle crystal polarization studies and are assigned to the 
(ν1)2B1g→2A1g(dx2-y2→dz2); (ν2)2B1g→2B2g (dx2-y2→dxy) and 
(ν3)2B1g→2Bg(dx2-y2→dxz,dyz) transitions in order of in-
creasing energy. The energy level sequence will depend 
on the amount of distortion, due to ligand field and 
Jahn-Teller effect. The electronic spectra of the copper 
complexes (2-5) displays three bands in the 1060-1078, 
517-635, 435-490 nm ranges which may assumable to ν1, 
ν2 and ν3 respectively indicate that these complexes may 

be have a tetragonal distorted octahedral geometry.[42-45] 
The electronic absorption spectra of Ni(II) complexes (6) 
and (7) are consistent with an octahedral stereochemis-
try around the nickel(II) ion, showing transition bands 
at 500, 650, 1085 and 438, 620, 1060 nm. These are assign-
able to the transitions 3A2g(F)→3T2g(F), 3A2g(F)→3T1g(F), 
3A2g(F)→3T1g(P) respectively.[45, 46] The ν2/ν1 ratio of these 
complex are 1.71 and 1.67 which is close to the usual 
range 1.50–1.75, consistent with its octahedral stereo-
chemistry Ni(II) complex [47]. Co(II) complex (8) elec-
tronic spectrum shows electronic spectral bands at 477, 
570, 1060 nm corresponding to the transitions 
4T1g(F)→4T2g(F), 4T1g(F)→4A2g(F) and 4T1g(F)→4T1g(P) sug-
gesting a six-coordinated octahedral geometry.[45, 48-51] 
The ratio of ν2/ν1 is 1.86, 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 
environment.[45, 48-51] The  Fe(III) complex (9) spectrum 
showed two bands at 470, 540nm and a shoulder at 880 
nm attunable to (ν1)6A1g(S)→4T1g(G), (ν2)6A1g(S)→4T2g(G) 
and (ν3)6A1g(S)→4A1g(G),4Eg(G) transitions suggesting 
octahedral geometry around the Fe(III) ions.[45, 46, 52] 
Zn(II), Cd(II), Ag(I) and  Hg(II) complexes (10-14) 
showed diamagnetic character as expected. They do not 
show any transitions, and the observed bands are only 
intra-ligand transitions [53, 54]. Their structures suggested 
based on the analytical and thermal analysis and are 
most probably hexacoordinate of tetracoordinate.  
 
3.6. Magnetic susceptibility 
The corrected magnetic moments were calculated from 
the molar magnetic susceptibility values, using Pascal’s 
constants.[55] The magnetic moments values for the par-
amagnetic complexes (2-9) are presented in experi-
mental part and its magnitudes fall within the ranges as-
sociated with spin-free high spin ions in octahedral or 
square pyramidal fields. The Cu(II) complexes (2-5) 
magnetic moment values at room temperature are in the 
1.77-2.18 BM which is corresponding to one unpaired 
electron usually observed for mononuclear Cu(II) com-
plexes, regardless of stereochemistry. The Ni(II) com-
plex (6-7) gave magnetic moment equal to 3.56 and 3.84 
BM characteristic of two unpaired electrons system.  The 
Co(II) complex (8) has a magnetic moment of 4.98 BM 
which is higher than the spin-only value and a typical 
value of a d7 system with three unpaired electrons indi-
cating a quartet state in an octahedral arrangement 
around the metal, as compared with the reported values 
for octahedral Co(II) complexes of (4.7–5.2 BM).[32, 46] The 
Fe(III) complex (9) gave magnetic moment value 5.44 
BM respectively, compatible with high spin d5 Fe(III) 
ion.[56]  
3.7. ESR of copper(II) complexes  

ESR spectra of copper(II) complexes give more infor-
mation about the bonding site and geometry of the com-
plexes. It was recorded in polycrystalline state at room 
temperature on X-band at frequency 9.8 GHz and their 
data listed in Table 1. The ESR spectra of the solid Cu(II) 
complexes (2-4) exhibited anisotropic signals with g||, g⊥ 

and giso values are in the 2.248-2.277, 2.045-2.05 and 
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2.112-2.124 ranges respectively. These values are typical 
for a species d9 configuration with an axial symmetry 
type of dx2-y2 ground state. g|| and g⊥values are close to 
2.00 and g||>g⊥>ge(2.0023), stating that all these com-
plexes have a distorted octahedral structure.[57-59] With 
respect to Hathaway expression which stated that G= 
(g||-2)/(g⊥-2), the exchange coupling interaction between 
Cu(II) ions is negligible if G˃4 whereas a considerable 
interaction is present if  G˂4.[60, 61] The G values of our 
complexes are in the 5.27-5.90 range [Table 1], indicating 
that, the interaction between Cu(II) ions is negligible.[60] 
The index of tetragonal distortion f is calculated as f = 
g||/A|| and depending on the nature of the coordinated 
atom.[62] If the value ranged from 105 to 135 the geome-
try is square-planar while if it is ranged from 150 to 250 
the geometry is tetrahedrally distorted octahedral 150-
250 cm-1. The g||/A|| for complexes (2-4) are in the 164.7-
178.5 confirmed that the geometry of Cu(II) complexes 
(2-4) are tetragonally distorted octahedral.[34, 47] Kivelson 
and Neiman show that the g||-values in the Cu(II) com-
plexes 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 environment.[63] The g||-

values reported here are in the 2.248-2.277 range, indi-
cating that, there is a considerable covalent bonding 
character in these complexes [34]. The g-values can be re-
lated to the parallel (K||) and perpendicular (K⊥) compo-
nents of the orbital reduction factor (K) as following 
equations (3-5).[64, 65] 
K||2 = (g|| - 2.0023)ΔExy/8λo                                                (3) 
K⊥2 = (g⊥ - 2.0023)ΔExz/2λo                                               (4) 
K2 = (K||2+ 2K⊥2)/3                                                             (5) 
Where λo is the spin orbit coupling of the free copper(II) 
ion (-828 cm-1), ΔExy and ΔExz are the electronic transi-
tions 2B1g→ 2B2g and 2B1g→ 2Eg respectively. The calcu-
lated values of k||2, k⊥2 and k2 are in the 0.62-0.76, 0.55-
0.64 and 0.76-0.82 ranges respectively Table 1. The data 
showed that, K||2< K2 which is a good evidence for the 
assumed 2B1 ground state for the complexes. Further-
more, for ionic environment, K = 1, and for covalent en-
vironment k is less than 1. The lower values of k than the 
unity (0.76-0.82) are indicative of their covalent nature, 
which in agreement with the conclusion obtained from 
the values of g||.[64, 65] The value of in plane sigma bond-
ing parameters α2 was calculated from the following 
equation (6) 
𝛼𝛼2 = (𝑔𝑔∥ − 2.0023) + 3

7
(𝑔𝑔⊥ − 2.0023) − �𝐴𝐴∥

𝑃𝑃
� + 0.04     (6) 

where P is the free ion dipolar term equals 0.036, 𝐴𝐴∥ is 
the parallel coupling constant expressed in cm-1. If the 
M-L bond is purely ionic the value of α2 is unity and it is 
completely covalent, but if α2 equal to 0.5. The α2 values 
of the copper complexes (2-4) lie in the range 0.67-0.70, 
indicating to a significant degree of covalency in σ-
plan.[63, 66, 67] Also, the in-plane and out-of plane π-bond-
ing coefficients βand γcan be calculated using the fol-
lowing equations (7-8).  
α2γ2 = Κ⊥

2                                                                            (7) 
α2β2 = Κ||

2                                                                            (8) 
The copper(II) complexes (2) and (4) show  β2 values 
equal to 1.05 and 1.08 indicating ionic bond character in 
the in-plane π bonding while complex (3) shows β2  equal 

0.93 indicating a moderate degree of covalency in the in-
plane π bonding. Also, these complexes show γ2 ιn the 
1.04-1.25 range respectively, indicating ionic bond char-
acter in the out-of-planeπ bonding.[34, 68]The ESR spectra 
of the solid copper(II) complexes (5) at room tempera-
ture show nonaxial type symmetry with three g-values 
gx = 2.24, gy= 2.124, and gz = 2.067. (gy-gz/(gx-gy) < 1 ( = 
0.491), indicating a d(x2–y2) ground state with covalent 
bond character.[69-71] 
 

Table 1: - ESR parameters of Cu(II) complexes (2-5) 
Complex No. (2) (3) (4) (5) 

g||/gx 2.277 2.262 2.248 2.240 
g⊥/gy 2.047 2.05 2.045 2.124 
giso/gz 2.124 2.12 2.112 2.067 

A|| ×10-4 (cm-1) 128 137 131 -- 
A┴×10-4 (cm-1)  33 24 29 -- 
Aiso ×10-4 (cm-1) 63 59 62 -- 

g||/A|| (cm-1)  178.5 164.7 171 -- 
G 5.9 5.27 5.64 -- 

∆Exy(cm-1) 15748 19342 16666 -- 
∆Exz (cm-1) 20408 22222 23041 -- 

K||
2 0.65 0.76 0.62 -- 

K⊥
2 0.55 0.64 0.58 -- 

K2 0.58 0.68 0.59 -- 
K 0.76 0.82 0.77 -- 
α2 0.69 0.7 0.67 -- 
β2 1.05 0.93 1.08 -- 
γ2 1.25 1.04 1.12 -- 

a giso = (2g⊥+g||)/3    b G = (g||-2)/(g⊥- 2) 

3.8. Thermal analysis of some complexes  
Thermal degradation of metal complexes (3), (5), (8) and 
(10) were studied in the range of 50–1000 °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 thermo-behavior showed a 
good weight loss agreement between the calculated and 
found values Table 2. Complex (3) decomposed in two 
stages. The first one occurred in 130-200 oC with 3.41% 
weight losses (calcd. 3.27%) corresponding to loss of a 
coordinated water molecule. The second step occurred 
in range 228-412 oC with 87.50% weight loss (calcd 
89.52%) represents the complete degradation of com-
plexes ending with metal oxide formation (CuO). Com-
plex (5) decomposed in three steps. The first step oc-
curred in the temperature range 50-110 oC accompanied 
with 2.76% weight losses (calcd. 3.02%) corresponding 
to removal of two coordinated water molecules. The sec-
ond step occurred in the temperature range 140-270 oC 
which was accompanied by 10.59 % weight losses (calcd. 
10.40 %) corresponding to the elimination the HNO3. 
The third stage occurred in the temperature range 270-
470 oC accompanied with 74.85 weight losses (calcd. 
79.9%) corresponding to the complete degradation of 
the complex ending up with formation of CuO. Com-
plexes (8) shows four-stage decomposition process. 
Firstly, elimination of hydrated water molecules oc-
curred in the temperature range 50-92 oC with 2.92% 
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weight loss (calcd. 2.67%). Secondly elimination of coor-
dinated water molecules occurred in (175-208) oC range 
with 5.84% weight loss (calcd. 5.35 %). The third step oc-
curred 244-308 oC range with 8.44 % weight loss (calcd. 
8.83 %) corresponding to the elimination the anions 
(CH3COOH). The forth step took place 344-505 oC range 
with 72.1 % weight loss (calcd. 72.02 %) points out to the 
total degradation of complexes ending up with the for-
mation of CoO. Complex (10) decomposed in two 
stages. The first one occurred in 140-238 oC with 17.06% 
weight losses (calcd. 17.33%) corresponding to loss of 
two acetate ions. The second step occurred in range 250-
519 oC with 69.41% weight loss (calcd 70.81%) represents 
the complete degradation of complexes ending with 
metal oxide formation (ZnO). 

  
Table 2. The thermal analysis (TG) of some complexes 

 No.  Temp.  
range oC 

Found 
(calcd.) 

Composition  
of the residue 

(3) 130-200 
228-412 

3.41(3.27) 
87.50(89.52) 

[Cu(H4L)2] 
CuO 

(5) 
50-110 
140-270 
340-530 

2.76(3.02) 
10.59(10.40) 
74.85(79.9) 

[Cu(H5L)2(NO3)2] 
[Cu(H5L)2] 
CuO 

(8) 

50-92 
175-208 
244-308 
344-505 

2.92 (2.67) 
5.84 (5.35) 
8.44(8.83) 

72.1(72.02) 

[Co(H4L)(CH3COO) (H2O)2] 
[Co(H4L)(CH3COO)] 
[Co(H4L)] 
CoO 

(10) 140-238 
250-519 

17.06(17.33) 
69.41(70.81) 

[Zn(H5L)] 
ZnO 

 

  

3.9. Antimicrobial studies 
The standardized disc-agar diffusion method [34] was 
followed to determine the microbicide activity of the 
synthesized compounds against fungi as A. flavus and S. 
cerevisiae as well as bacteria like E. coli and B. subtili. The 
screening data were presented in Table 3. The result 
showed that synthesized compounds are more active 
against Fungi than bacteria. However, the MIZ values of 
the compounds revealed that the compounds (1-6) and 
(11-14) have higher activity with MIZ, mm (AI, %) in 
range 15(125)-30(250) against A. flavus and their activity 
are more than standard antifungal drug (Nystatin). The 
most active compound is Hg(II) complex (12) with MIZ, 
mm (AI, %) 30(250). The screening data of the com-
pounds against S. cerevisiae revealed that only com-
plexes (2-6), (8), (11) and (12) with MIZ, mm (AI, %) in 
range 11(79)-32(229). The MIZ values of these complexes 
revealed that the most active complexes against are S. 
cerevisiae (11) which exhibit antifungal activity (MZI, 
mm (AI, %) = 32(229%). Moreover, the complexes (2-6), 
(8), (12) have high antifungal activity more than stand-
ard antifungal drug (Nystatin). with MIZ in the 15-27 
mm range with activity index ranged between 107% to 
193%, in comparing with Nystatin 14(100). The order of 
antibacterial activity of the compounds against fungal 
strains are shown in Fig. 7. Otherwise, the antibacterial 
screening data revealed that all compounds have mod-
erate to low activity against all bacteria strain used (E. 
coli and B. subtilis) with MIZ ranged between 10-35 mm 
with AI in the range 20-88 %. However, the most active 
compound is complex (12) with MIZ equal the activity 

of antibacterial standard drug (tetracycline) 50 (100%) 
against E. coli. The order of antibacterial activity of the 
compounds against fungal strains are shown in Fig. 8. 
The enhancement in the potent antifungal and antibac-
terial activities of the complexes seems to be due to in-
crement of lipophilic character of these complexes 
which could be explained based on Overtone’s concept 
[72, 73] and Tweedy’s Chelation theory.[73, 74] Based on 
Overtone’s concept of cell permeability, the liposoliobil-
ity 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 de-
localization 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, deacti-
vate 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 3. Results of antimicrobial bioassay of ligand 
and its complexes (concentration used 1mg/mL of 

DMSO), A. flatus, S. cerevisiae, E coli and B. subtilis 

No. 
Inhibition zone (MIZ, mm) and Activity Index (AI, %) 
A. flavus S. 

 
E. coli B. subtilis 

MIZ AI MIZ AI MIZ AI MIZ AI 

DMSO 

 

0 0 0 0 0 0 0 0 
Nystatin 12 100 14 100 -- -- 0 0 
Tetracy-

 
-- --   50 100 40 100 

(1) 15 125 0 0 10 20 13 33 
(2) 15 125 20 143 13 26 23 58 

(3) 16 133 15 107 14 28 12 30 
(4) 19 158 25 179 16 32 35 88 
(5) 22 183 25 179 14 28% 22 55 
(6) 16 133 22 157 23 46 24 60 
(7) 0 0 0 0 12 24 30 75 
(8) 11 92 27 193 17 34 25 63 

(9) 10 83 0 0 11 22 16 40 
(10) 10 83 0 0 17 34 20 50 
(11) 15 125 32 229 20 40 33 83 
(12) 30 250 19 136 50 100 26 65 
(13) 17 142 11 79 26 52 22 55 
(14) 18 150 0 0 11 22 15 38 

 

CONCLUSION 
We have synthesized Fe(III), Co(II), Ni(II), Cu(II), 

Zn(II), Ag(I), Cd(II), Hg(II) and ZrO(II) complexes of a 
hydrazonic polydentate ligand, 2-benzylidene) hydra-
zono)ethyl)phenyl)ethylidene) hydrazono)ethyl)-2,4-di-
hydroxyphenyl)ethan-1-one under mild conditions. The 
ligand and the new complexes were characterized us-
ing; IR, thermal analysis, NMR, MS, molar conductivity, 
magnetic moment or ESR measurements. The data of 
various analyses revealed that the ligand chelated to the 
metal ions as a neutral or monobasic bidentate fashion 
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through azomethine nitrogen, protonated/deprotonated 
hydroxyl group of a salicyl moiety forming an octahe-
dral or distorted octahedral geometry around the centre 
metal ions. All prepared compounds were screened 
against A. flavus, S. cerevisiae, B. subtilis and E. coli. The 
prepared compounds are more active against Fungi 
than bacteria. the promising active compounds against 
A. flavus, are complexes (1-6) and (11-14) while com-
plexes (2-6), (8) and (11-13) active against S. cerevisiae. 
These results encourage to synthesizing more com-
plexes from a hydrazonic ligand with salicyl moiety in 
the future.  
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