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Abstract 

Organometallic drugs  of  Ca(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Ag(I), Cd(II), Hg(II)  

and Pb (II) with  N-(4-aminophenyl)-2-hydroxybenzamide ligand have much potential as 

therapeutic and cytotoxic agents against Prostatic carcinoma cell line (PC-3). Specific 

examples involving the design of metal complexes as anticancer  and antimicrobial agents are 

discussed. These complexes   have been synthesized and characterized using transmission 

electron microscope (TEM), Scanning electron microscope with EDEX,  (mass, IR, UV-VIS 

and ESR) spectroscopy, XRD, as well as magnetic moments, conductance, elemental and 

thermal analyses.  Molar conductance in DMF solution indicates that, the complexes are non-

electrolytes. The ESR spectra of solid Cu (II) complex (8) showed isotropic type indicating 

an octahedral geometry with covalent bond character. X-ray Diffraction Spectroscopy XRD 

has been done. The XRD reveal that cu(II) complex (6) , Zn (II) complex (11) and Ag (I) 

complex (12) these complexes  have the average crystallite sizes of 27.1,22.6 and 7.11 nm 

respectively. It was suggested that the complexes were Nano crystalline. Fluorescence 

spectroscopy had been done for HL (1), CU (II) complex (6), Zn (II) complex (11) and Ag (I) 

complex (12). Cytotoxic evolution against Prostatic carcinoma cell line of the ligand and its 

complexes have been carried out.  Ligand (1) and its complexes showed enhanced activity in 

comparison to the standard drug (Cisplatin) was applied with IC50 = 8.51-401.18 µg/ml range. 

Zn(II) complex (11) was the most potent cytotoxic agent against prostatic carcinoma with 

IC50 = 8.51 µg/ml which candidates as anticancer agent. Also Antimicrobial activity  had 

been carried out. 

Keywords: Amide ligand, complexes, magnetism, ESR, XRD, cytotoxicity, prostatic 

carcinoma. 
 

Introduction 
 

The American Cancer Society estimates that there will be 248,530 new cases of prostate 

cancer in 2021 and more than 3.1 million prostate cancer survivors in the United States [1]. 

The American Cancer Society also estimates that prostate cancer will be the second leading 

cause of cancer-related death in US men after lung cancer in 2021 [2]. Furthermore, rates of 
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prostate cancer are higher in men of African descent compared with men of European descent 

[3]. Germ line testing (genetic testing for genes linked with hereditary cancer risk has 

emerged as integral to prostate cancer precision treatment in the metastatic setting, is 

increasingly informing screening strategies, and provides hereditary cancer information for 

men and their families [4]. In recent years, there has been an exponential rise in 

understanding the role of genetic mutations in prostate cancer predisposition and the 

development of new precision therapies [5, 6]. Many genes are now incorporated into the 

guidelines for genetic testing to assess the risk of developing prostate cancer and offer 

guidance for targeted therapeutics [7]. In May 2020, the US Food and Drug Administration 

(FDA) approved 2 poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors 

for the treatment of men with metastatic, castration-resistant prostate cancer (mCRPC) based 

on improved clinical responses [8]. Metallo-drugs (organometallic reagents) are 

pharmacologically active compounds having metal atoms, which are essential for their 

microbial and antitumor activities, such as anticancer [9]. Metallo-drugs offer many features 

over purely organic compounds due to specific characteristics of coordination compounds. 

Their bioactivity is affected by the type of central atom, its coordination and oxidation 

number, type and number of the ligands, coordination geometry and  charge of the complex 

[10]. In recent years, the coordinated Chemistry of diamines have attracted the attention of 

researchers due to their unique capability of constructing complicated organic molecules 

using centres of metal as intermediates. For example, N-phenyl-ortho-phenylenediamine 

coordinated to platinum or nickel atoms transforms into imidazophenazine derivatives [11]. 

The coexistence of hydrolizable ester group (-COO-) and amide group (-NHCO-), which are 

capable of establishing strong intermolecular hydrogen bond interactions, becomes 

fundamental to obtaining a suite of materials with tailored properties. Specifically, different 

polyester amides have been developed for biomedical applications such as drug delivery 

systems [12]. Literature survey reveals that nitrogen - and sulfur-containing compounds 

showed very good bioactivity, being potentially active against cancer as well as viral and 

fungal diseases [13]. The amide moiety has attracted further interest because it is widespread 

in natural and synthetic drugs and shows lower toxicity [14]. Bioactivity of amides can also 

be achieved by constructing the amide with hydroxypentanedioate [15]. In a variety of 

disciplines, such as environmental, inorganic, analytical chemistry, and bio-medical science, 

the fluorescence spectroscopy has developed into a common sensor that detects a highly 

useful substance. They have offered highly sensitive, selective, and accurate online and cost-

effective detection of harmful ions of heavy metal, enzymes, and anions [16]. The purpose of 

the research is to prepare and spectroscopically characterized new metal complexes of amide 

ligand and also to develop an analytical method for quickly and economically detecting 
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amide ligand. The using of spectro fluorimetric approach which has excellent simplicity, 

sensitivity, and selectivity. Prostate cancer affects men of all racial and ethnic groups and 

leads to higher rates of mortality in those belonging to a lower socioeconomic status due to 

late detection of the disease. There is growing evidence that suggests the contribution of an 

individual’s genetic profile to prostate cancer [17].  Currently used prostate cancer treatments 

have serious adverse effects; therefore, new research is focusing on alternative treatment 

options such as the use of genetic biomarkers for targeted gene therapy, nanotechnology for 

controlled targeted treatment, and further exploring medicinal plants for new anticancer 

agents. Herein, we reported synthesis and characterization of new metallo-therapeutic 

candidates derived from the novel ligand 1 N-(4-aminophenyl)-2-hydroxybenzamide ligand. 

The cytotoxic activity of synthesized compounds has been also investigated. 

 

Materials and methods 

All the reagents employed for the preparation of the ligand and its complexes were synthetic 

grade and used without further purification. TLC is used to confirm the purity of the 

compounds. C, H, N and Cl analyses were determined at the Analytical Unit of Cairo 

University, Egypt. A standard gravimetric method was used to determine metal ions [18]. All 

metal complexes were dried under vacuum over P4O10. The IR spectra were measured as KBr 

pellets using a Perkin-Elmer 683 spectrophotometer (4000-400 cm-1). Electronic spectra 

(qualitative) were recorded on a Perkin-Elmer 550 spectrophotometer. The conductance(10
-

3
M) of the complexes in DMF were measured at 25°C with a Bibby conduct meter type MCl. 

1
H-NMR spectra of the ligand and its Cd(II) complex were obtained with Perkin-Elmer R32-

90-MHz spectrophotometer using TMS as internal standard. Mass spectra were recorded 

using JEULJMS-AX-500 mass spectrometer provided with data sys-tem. SEM using Edex 

and transmission electron microscope (TEM) for the prepared complexes were recorded at 

electron microscope unit faculty of Science Alexandria University. The thermal analyses 

(DTA and TGA) were carried out in air on a Shimadzu DT-30 thermal analyzer from 27 to 

800°C at a heating rate of 10°C per minute. Magnetic susceptibilities were measured at 25°C 

by the Gouy method using mercuric tetrathiocyanatocobalt(II) as the magnetic susceptibility 

standard. Diamagnetic corrections were estimated from Pascal's constant [19].  The magnetic 

moments were calculated from the equation: The ESR spectra of solid complexes at room 

temperature were recorded using a varian E-109 spectrophotometer; DPPH was used as a 

standard material.  The TLC of all compounds confirmed their purity. The fluorescence 

spectroscopy has developed into a common sensor that detects a highly useful substance. 

They have offered highly sensitive, selective, and accurate online and cost-effective detection 

of harmful ions of heavy metal, enzymes, and anions [20]. The purpose of the research is to 
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prepare and spectroscopically characterized new metal complexes of amide ligand and also  

to develop an analytical method for quickly and economically detecting amide ligand. The 

Using spectrofluorimetric approach which has excellent simplicity, sensitivity, and 

selectivity. per minute. All fluorescence measurements were acquired by an FS5 

spectrofluorometer (Edinburgh, UK) with a 150 W xenon lamp source for excitation. Also, 

with 1-cm quartz cell and connected to Fluoracle® software. The slit widths were set to 2 nm 

and scanning speed 1000 nm/min. 

 

Experimental 

 HL;(1) was prepared as shown in scheme 1 and then was stirred for 30 minutes. After 

cooling, the solvent was removed under reduced pressure to give crude product which was 

crystallized in ethanol to yield pure ligand (1). Ligand (1): Yield 83 %; m.p. 296; color is 

Black; Anal. Calcd. (%) for C13H14N2O3 (FW = 246.26): C, 63.40; H, 5.73; N, 11.38; 

Found (%) C, 63.64; H, 5.64; N, 11.54; IR (KBr, cm
-1

), 3450 (OH), 3123 (NH), 3423 

(NH2),  1627 (C=O), 1512, 760 (C=C)Ar. 

Synthesis of metal complexes (2)-(15):The metal complexes (2) and (3) were prepared by 

refluxing with string a suitable amount (1 mmol) of a hot ethanolic solution of the following 

metal salts and (CaCl2.2H2O),(FeCl3.3H2O), (Co(CH3COO)2.4H2O), (Ni(CH3COO)2.4H2O), 

(Cu(CH3COO)2.H2O), (CuCl2.2H2O), (CuSO4.5H2O), (Zn(CH3COO)2.2H2O), (AgNO3), 

(Cd(CH3COO)2.2H2O), (HgCl2), (Pb(CH3COO)2.2H2O) to prepare  complexes (2-4),(6)  and 

(12) with molar ratio (1M:1L) respectively. On the other hand ethanolic solution of metal salts 

was added to Ligand solution with molar ratio (1M:2L) to afford metal complexes (4-5), (8-

11),(13) and (15). From another way solvation of metal salts with ethanol and then added the 

ligand solution with molar ratio (2M:1L) to obtain metal complex (7).The refluxing times 

varied from 2 to 4 hours according to the depending to nature of metal ion. 3 mL of diethyl 

amine were added to the reaction mixture in order to initiate precipitation of complex. The 

precipitates, were filtered off, washed with ethanol then by diethyl ether and dried in vacuum 

desiccators over P4O10. 
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Fig (1). Chemical structure of Ca(II) complex (2),Cu(II) complex (6) 

and Hg(II) complex (14) 

 

 

 

Scheme 1: Preparation of Ligand  HL (1) 
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                  Fig (2). Chemical structure of Fe(III) Complex (3) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

  

 

 

 

 

 

 

 

                Fig (3). Chemical structure of Co (II) Complex (4) 
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Fig (4) Chemical structure of Ni (II) complex (5), Cu (II) complex (8),(9), Zn (II)         

complex (11), Cd (II) complex (13) and Pb (II) complex (15) 

 
 

 

 

 

 

 

 

 
 

 

 

                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig (5). Chemical structure of Cu (II), complex (7) 
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Fig (6). Chemical structure of Cu (II), complex (10) 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

          

 

 

 

 

 

   Fig (7). Chemical structure of Ag (I), complex (12) 
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Biological activity 

Cytotoxic activity:  

Mammalian cell lines: PC-3 (prostate carcinoma) were obtained from VACSERA Tissue 

Culture Unit.  

Chemicals used: Dimethyl sulfoxide (DMSO), crystal violet and trypan blue dye were 

purchased from Sigma (St. Louis, Mo., USA).  

Fetal Bovine serum, DMEM, RPMI-1640, HEPES buffer solution, L-glutamine, gentamycin 

and 0.25% Trypsin-EDTA were purchased from Lonza. 

Crystal violet stain (1%): It composed of 0.5% (w/v) crystal violet and 50% methanol then 

made up to volume with ddH2O and filtered through a Whatmann No.1 filter paper. 

Cell line Propagation: 

The cells were propagated in Dulbecco’s modified Eagle’s medium (DMEM) supplemented 

with 10% heat-inactivated fetal bovine serum, 1% L-glutamine, HEPES buffer and 50µg/ml 

gentamycin. All cells were maintained at 37ºC in a humidified atmosphere with 5% CO2 and 

were subcultured two times a week.  

Cytotoxicity evaluation using viability assay: For cytotoxicity assay, the cells were seeded 

in 96-well plate at a cell concentration of 1×10
4
 cells per well in 100µl of growth medium. 

Fresh medium containing different concentrations of the test sample was added after 24 h of 

seeding. Serial two-fold dilutions of the tested chemical compound were added to confluent 

cell monolayers dispensed into 96-well, flat-bottomed microtiter plates (Falcon, NJ, USA) 

using a multichannel pipette. The microtiter plates were incubated at 37ºC in a humidified 

incubator with 5% CO2 for a period of 24 h. Three wells were used for each concentration of 

the test sample. Control cells were incubated without test sample and with or without DMSO. 

The little percentage of DMSO present in the wells (maximal 0.1%) was found not to affect 

the experiment. After incubation of the cells for at 37°C, for 24 h, the viable cells yield was 

determined by a colorimetric method. In brief, after the end of the incubation period, media 

were aspirated and the crystal violet solution (1%) was added to each well for at least 30 

minutes. The stain was removed and the plates were rinsed using tap water until all excess 

stain is removed. Glacial acetic acid (30%) was then added to all wells and mixed thoroughly, 

and then the absorbance of the plates were measured after gently shaken on Microplate reader 

(TECAN, Inc.), using a test wavelength of 490 nm. All results were corrected for background 
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absorbance detected in wells without added stain. Treated samples were compared with the 

cell control in the absence of the tested compounds. All experiments were carried out in 

triplicate. The cell cytotoxic effect of each tested compound was calculated. The optical 

density was measured with the microplate reader (SunRise, TECAN, Inc, USA) to determine 

the number of viable cells and the percentage of viability was calculated as 

[(ODt/ODc)]x100% where ODt is the mean optical density of wells treated with the tested 

sample and ODc is the mean optical density of untreated cells. The relation between 

surviving cells and drug concentration is plotted to get the survival curve of each tumor cell 

line after treatment with the specified compound. The 50% inhibitory concentration (IC50), 

the concentration required to cause toxic effects in 50% of intact cells, was estimated from 

graphic plots of the dose response curve for each conc. using Graphpad Prism software (San 

Diego, CA. USA) [21]. 

Table (1). Analytical and physical data of ligand and its metal complexes.  

No. Ligand/Complexes Color FW 
M.P 

(
O
C) 

Yield 

(%) 

Anal. /Found (Calc.) (%)  

C H N M Conductivity 

Λ* 

(I) 
C13H14N2O3  

 (HL) 
Gray 300.31 140 94 

64.40 

(64.11) 

5.73 

(5.11) 

11.38 

(11.99) 
- 

- 

(2) 
C13H20CaCl2N2O6 

((HL)CaCl2H2O2).2H2O 
Black 694.01 285 86 

37.96 

(37.92) 

4.90 

(4.23) 

6.81 

(6.07) 

9.47 

(9.42) 

 

9.0 

(3) 
C13H18Cl3 FeN4O5 

((HL)FeCl3H2O).2H2O 
pale Black 509.99 >300 85 

35.13 

(35.75) 

4.08 

(4.93) 

6.30 

 (6.49) 

12.56 

 (12.46) 

 

9.2 

(4) 
C28H39CoN4O11 

((2HL)Co(H2O)(OAc) ] .4H2O 
Black 664.55 280 80 

50.45 

(50.61) 

5.90 

(5.61) 

8.41 

(8.43) 

8.84 

(8.87) 

 

77.2 

(5) 
C30H32N4 NiO9 

((2HL)Ni (OAc)2).H2O 

Black 778.24 360 82 
55.32 

(55.13) 

4.95 

(4.44) 

8.60 

(8.20) 

9.01 

(9.17) 

 

45.8 

(6) 
C19H30CuN2O10 

((HL)Cu (OAc)2(H2O)2).2H2O 
Dark Black 776.68 >300 80 

44.75 

(44.29) 

5.93 

(5.28) 

5.49 

(5.21) 

12.46 

(12.99) 

  

 6.3 

(7) 
C22H38CuN2O15 

((HL)Cu2(OAc)2(H2O)2 
Black 699.04 262 85 

37.88 

(37.67) 

5.49 

(5.19) 

4.02 

(4.81) 

 

18.22 

(18.09) 

 

31.8 

(8) 
C30H32CuN4O9 

((2HL)Cu(OAc)2).H2O 
Black 697.63 350 90 

54.92 

(54.88) 

4.92 

(4.49) 

8.45 

(8.02) 

9.68 

(9.22) 

 

10.4 

(9) 
C26H30 Cl2CuN4O7 

((2HL)CuCl2).3H2O 
Black 610.26 >300 90 

48.42 

(48.11) 

4.69 

(4.21) 

8.69 

(8.18) 

9.85 

(9.62) 

 

1.5 

(10) 
C26H30CuN4O11 S 

((2HL)Cu(SO4)(H2O)).2H2O 
Black 656.14 259.2 88 

46.60 

(46.92) 

4.51 

(4.92) 

8.36 

(8.54) 

9.84 

(9.68) 

 

26.6 

(11) 
C30H32N4O9 Zn 

((2HL)Zn (OAc)2).H2O 
Dark Black 795.08 251.6 75 

54.76 

(54.32) 

4.90 

(4.32) 

8.52 

(8.05) 

9.94 

(9.14) 

 

26.8 

(12) 
C13H16AgN3O7 

((HL)Ag NO3).2H2O 
Black 444.50 255 80 

35.96 

(35.13) 

3.71 

(3.08) 

9.68 

(9.30) 

24.85 

(24.56) 

 

11.4 

(13) 

C30H34CdN4O10 

((HL)Cd(OAc)2).2H2O 

 

Gray 433.13 285 80 
49.84 

(49.96) 

4.74 

(4.91) 

 7.75 

(7.68) 

15.55 

(15.85) 

 

23.7 

(14) 
C13H18Cl2HgN2O5 

((HL)HgCl2(H2O)2).H2O 
Black 411.29 340 85 

28.19 

(28.96) 

3.28 

(3.90) 

5.06 

(5.81) 

56.22 

(56.74) 

 

3.6 
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(15) 
C28H31N4O9 Pb2 

((2HL)Pb(OAc)(H2O)).3H2O 
Pale Black 553.79 310 80 

34.25 

(34.19) 

3.18 

(3.28) 

5.71 

(5.06) 

 42.20 

(42.82) 

 

5.6 

 

 

1
H-NMR spectra of the ligand (1) and complexes (11, 13 and 15): 

           The 
1
H-NMR spectra of ligand (1) and complex (11) in deutrated DMSO showed 

peaks consistent with the proposed structure.The 
1
H-NMR spectrum of the ligand showed 

chemical shift observed as singlet at 10.53 ppm which was assigned to proton of hydroxyl 

group. The chemical shift which appeared at 8.3 ppm was attributed to the proton of NH 

attached to (CH- of aromatic ring); (CO-NH-Ar-). However, The NH2 proton of aromatic was 

observed as a singlet at 6.3 ppm. A set of signals appeared as multiples in the 6.6-6.9 ppm 

range, corresponding to protons of aromatic ring [22].By comparison the 
1
HNMR of the 

ligand and the spectrum of the complex (11); signal was observed as a singlet at 10.4 ppm 

characteristic to the OH group indicating that the ligand found in the protonated form. In 

addition, there is a significant downfield shift of the NH attached to (CH- of aromatic ring); 

(CO-NH-Ar-) proton signal relative to the free ligand clarified that the metal ions are 

coordinated to the amide nitrogen atom. This shift may be due to the formation of a 

coordination bond (NHC═O-M)) [23] (Chart (1)) 

 

 

 

 

 

 

 

 
 

1 1

1 

13 15 
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                         Chart (1):
 1
H-NMR spectra of the ligand (1) and complexes (11, 13 and 15)  

 

 

 

IR spectra:  

       The mode of bonding between the ligand and the metal ion revealed by comparing the IR 

spectra of the ligand (1) and its metal complexes (2)-(15). The ligand showed bands in the 

3600-3340 and 3330-2650 cm
-1

 ranges, commensurate the presence of two types of intra- and 

intermolecular hydrogen bonds of OH and NH groups with carbonyl group [24]. Thus, the 

higher frequency band was associated with a weaker hydrogen bond. The medium band 

appeared at 3123 cm
-1

 was assigned to υ (NH) group [25]. The υ (NH) group in the 

complexes appeared nearly at the same region of the free ligand indicating that, the NH group 

is not involved in the coordination to the metal ion [26]. However, the characteristic bands of 

υ (NH2) and υ (C═O) amide were observed at (3423 and 3390) and 1627 and cm
-1

 

respectively. Strong band appeared at 3450-1215 cm
-1

 was attributed to the υ (C-OH) 

vibration. The bands appeared at 1512, 1460, 760 and 710 cm
-1

 range, were assigned to υ (Ar) 

vibration [27]. By comparing the IR spectra of the complexes (2)-(15) with that of the free 

ligand. It was found that, The υ (NH2) group in the complexes appeared nearly at the same 

region of the free ligand indicating that, the NH2 group is not involved in the coordination to 

the metal ion [28]. The υ (C═O) amide complexes appeared at  1630-1610 cm
-1

 range   

indicating that, the υ (C═O) amide group was involved in the coordination to the metal ion 

[29]. In acetate complexes, (5-8), (11),(13) and (15) in these complexes bands were observed  

in the 1576-1340 cm
-1

 range suggesting the coordination of acetate group in these complexes 

as a monodentate, fashion [30]. The sulphato complex (10) showed bands at 1178, 1115, 

1021 and 652 cm
-1 

respectively assigned to monodentate sulphate group [31]. Complexes (12) 

show bands at 1380,1250 and 850 cm
-1

 range these have been assigned to the nitrato group. 

Complexes (11)-(12) show bands in the 590-535cm
-1

 was assigned to υ (M-N) [32]. 

Complexes (2-15) showed bands in the 668-603cm
-1

 range due to υ (M- O) [33] . Complexes 

(2),(3),(9)
 
and (14) showed bands in the 482-418cm

-1
  range this has been assigned to the υ 

(M-Cl ). 
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Table (2):- IR Frequencies of the bands (cm
-1

) of the ligand [HL], (1) and its metal 

complexes 

No. ν(OH) υ(H-bonding) ν(NH) 
 

ν(O=C-N)  
 

ν(NH2) ν(C=O) 
 Amide ν(Ar) 

 
ν(OAc)/SO4

/NO3) 
υ(M-O) υ(M-N) υ(M-Cl) 

(1) 3450,1215 3600-3340 
3330-2650 

3123 - 3423,3390 1627 
1512,1460 

760,710 
 

- - -  
- 

(2) 3445-3402 
1282,1303 

3650-3340 
3330-2670 3120 - 3385,3365 1618, 

1612 
1510,1475 
,765, 735 - 666 -  

480 

(3) 
3445-3405 
1292,1275 

3630-3330 
3320-2680 3117 - 3385,3345 

1630, 
1615 

1510,1485 
,1385,1355 

- 625 - 425 

(4) 3427,3400 
1310,1278 

3570-3310 
3300-2720 3195 540 3380,3350 1622, 

1612 1497,760 1460,1355 615 - - 

(5) 
3445,3423 
1292,1245 

3610-3320 
3310-2650 3221 - 3386,3362 1610 

1506,1415,761,
705 

1568,1425 617 - - 

(6) 3470,1381 
,1281 

3560-3250, 
3240-2800 3190 - 3380,3350 1616 1504,763 1490,1386 616 - - 

(7) 
3450,3400 
1309,1280 

3600-3350 
3300-2780 3210 1640,162

5 3380,3350 1625 
1529,770 
1511,730 

1576,1490 
1392,1340 

652,603 - - 

(8) 3470,1381, 
1281 

3560-3250 
3240-2800 

3190 - 3380,3350 1616 1504,763 1490,1386 616 - - 

(9) 
3445,3426 
1305,1275 

3560-3240 
3230-2700 3220 - 3380,3365 

1622, 
1615 

1505,1405 
763,705 

- 
 

613 - 418 

(10) 
3448,3425 
1306,1252 

3570-3320 
3310-2570 

3216 - 3378,3330 1635 1508,1490,760,
710 

1178,1115 
1021,652 

618 - - 

(11) 
3446,3480 
1337,1277 

3560,3310 
3300,2750 

3210 - 4450,3325 
1625, 
1618 

1512,760 1547,1390 617 590 - 

(12) 
3455,3435 
1302,1290 

3600-3340 
3300-2450 

3120 - 4480.3360 1635 
1505,1482 

760,730 

 
1380,1250 

850 
615 535 - 

(13) 3445,3405 
1300,1278 

3620-3320 
3310-2750 

3217 - 3382,3365 
1630, 
1612 

1500,1482 
760,730 

1492,1278 620 - - 

(14) 
3446,3405 
1307,1282 

3650,3310 
3300,2750 

3120 - 3382,3355 
1619, 
1612 

1509,1405 
765,735 

- 
 619,668 - 482 

(15) 3445,3400 
1279,1258 

3560-3280 
3270-2480 

3215 - 3365,3350 1625, 
1616 

1585,747 
1513,715 

1447,1342 
 

615 - - 

 

Mass spectra 
         The mass spectra of (1) and its, Ca(II) complex (2) Ag(I) complex (12) and Hg(II) 

complex (14) confirmed their proposed formulation. The spectrum of (1) reveals the 

molecular ion peak (m ⁄z) at 246 amu consistent with the molecular weight of the ligand. 

Furthermore, the fragments observed at (m ⁄z) = 49,08, 79.90, 137, 

146.20,182.49,233.02and246.40amu correspond to C2 H4,C5H3O, C7H7NO2, C9H10NO2, 

C9H12NO3, C12H13N2O3 and, C13H14N2O3  moieties respectively. Complex (2) shows 

fragments (m⁄z) at 64.43, 117.80, 147.35, 191.94, 266.47, 311.53and 375.65amu due to C5H3, 

C8H4O, C9H6O2, C9H10CaO2, C11H12CaClNO2, C12H15CaClN2O3 and C13H16CaCl2N2O4 
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moieties respectively. The fragments observed (m⁄z) at 77.23,90.12,178.23,329.09,406.31and 

435.29 amu for complex (12) were assigned to C3H6,C7H7, C9H6NO3, C10H6 AgNO5, C11H11  

AgN3O7, and C13H16AgN3O7 moieties, whereas the spectrum of Hg(II) complex (14) showed 

molecular ion peak at 554.15 assigned to the molecular weight of the complex and also 

showed fragments at 76.75, 175.33, 408.26, 438.39, 460.20, 448,524.41and554.15 which 

were assigned to C6H3, C10H3 ClO, C10H3ClHgO3, C11H5ClHgO4, C11 H13 ClH9NO4, C12H14 

Cl2HgNO5 and  C13H18 Cl2 HgN2O5. moieties respectively. 

Magnetic moments:   
        The magnetic moments of the metal complexes (4-13) and (15) at room temperatures 

were shown in (Table 1). Co (II) complex (4) showed value in the 4.75B.M, range 

corresponding to one unpaired electron in an octahedral structure [34]. Ni (II) complex (5) 

showed value in the 3.12 B.M, range corresponding to one unpaired electron in an octahedral 

structure, Cu (II) complexes (6-10) showed values in the1.17, 1.65,1.69and1.70B.M, range 

corresponding to one unpaired electron in an octahedral structure. Zn (II) complex (11), Ag 

(I) complex (12), Cd (II) complex (13) and Pb (II) complex (15) showed diamagnetic 

property [35].  

 

Electronic spectra: 
 

 The electronic spectral data for the ligand (1) and its metal complexes in DMF solution are 

summarized in (Table 3). Ligand (1) in DMF solution shows two bands at 320 nm (=7.72 x 

10
-3

 mol
-1

 cm
-1

) and 295 nm ( = 7.12x 10
-3

 mol
-1

 cm
-1
) which may be assigned to n→* and 

→* transitions of the immine and aromatic ring respectively. Copper(II) complexes (6)-

(10) show bands in the 295-275 and 310-305 nm ranges , these bands are due to intraligand 

transitions, however, the bands appear in the 495-455, 580-500 and 620-600 nm ranges, are 

assigned to O→Cu, charge transfer, 
2
B

1
→

2
E and 

2
B1→

2
B2 transitions, indicating a distorted 

tetragonal octahedral structure. However, cobalt(II) complex (4) shows bands at  

285,300,400,440,510,585,620 and 623 nm, the first two bands are within the ligand and the 

other bands are assigned to 
4
T1g(F)→

4
T2g(P)(v3), 

4
T1g(F)→

4
A2g(v2) and 

4
T1g(F) 

4
T2g(F)(v1) transitions respectively. Zinc (II) complexes (11) shows bands due to intra ligand 

transitions. However, nickel(II) complexes (5) shows bands at 280,295,305,307,450,656,620 

and 765 nm, the first three bands are within the ligand and the other bands are attributable to 

O→Ni charge transfer, 
3
A2g(F)→

3
T1g(P)(3), 

3
A2g(F)→

3
T1g(F)(2) and 

3
A2g(F)→

3
T2g(F)(1) transitions respectively, indicating an octahedral Ni(II) geometry. The 

2/1 ratio for (5) is 1.23 which are less than the usual range of 1.5-1.75, indicating a 

distorted octahedral Ni (II) complex
 
[36].
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Table (3). The electronic absorption spectral bands (nm) and magnetic moments (B.M) for 

the ligands (1),(2) and their metal complexes. 

 

No. Ligand/Complexes λmax (nm) eff 

(BM) 

2/

1 

(1) [HL] 

295 nm (= 7.12x 10
-3

 mol
-1

 

cm
-1

) 

320 nm (7.72 x 10
-3

 mol
-1

 

cm
-1

) 

- 
 

- 

(4) 
((2HL)Co(H2O)(OAc) ] .4H2O 

285,300 ,585,620 4.75 - 

(5) 
((2HL)Ni (OAc)2).H2O 

280,295,305 ,620,765 3.12 - 

(6) 
((HL)Cu (OAc)2(H2O)2).2H2O 

 290,310,540,600 1.70 - 

(7) 
((HL)Cu2(OAc)2(H2O)2 

295,560,615 1.65 - 

(8) 
((2HL)Cu(OAc)2).H2O 

290,310,600 1.70 -- 

(9) 
((2HL)CuCl2).3H2O 

285,293 ,310, 610  1.69 - 

(10) 
((2HL)Cu(SO4)(H2O)).2H2O 

275,305 ,620 1.17 - 

(11) 
((2HL)Zn (OAc)2).H2O 

290,300,615 Dia. - 

(12) 
((HL)Ag NO3).2H2O 

285,330,420,620 Dia - 

(13) 
((HL)Cd(OAc)2).2H2O 
 385,310,300 Dia. - 

(15) 
((2HL)Pb(OAc)(H2O)).3H2O 

384,310,300 Dia. - 

 

Thermal analysis (DTA and TGA):   

          Since the IR spectra indicated the presence of water molecules, thermal analyses (DTA 

and TGA) were carried out to certain their nature [37]. The thermal curves in the temperature 

27-800°C range for complexes (2),(3),(5),(6),(8),(9),(11),(12),(13),(14) and (15) were 

thermally stable up to 45 °C. Broken of hydrogen bondings occured as endothermic peak 

within the temperature 45-50 °C range as shown in (Table 3). Dehydration was characterized 

by endothermic peaks observed within the temperature 65-80°C range, corresponding to the 

loss of hydrated water molecules as in complexes (2),(3),(5),(6),(8),(9),(11-15) The 

elimination of coordinated water molecules occured in the 140-145°C range accompanied by 

endothermic peaks [38]. The TGA and DTA thermogram of Ca(II) complex (2) showed that, 
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the complex decomposed in six steps. The first occurred at 45°C with no weight loss as 

endothermic peak, was due to break of hydrogen bondings. The second step occur at 75°C 

with 8.41 % weight loss (Calc. 8.61%) as endothermic peak which could be due to the 

elimination of hydrated water molecule. The decomposition step which occurred at 145°C 

with 8.19 % weight loss(Calc. 8.61%) could be due to the elimination of two coordinated 

H2O molecules. The TGA curve displayed another thermal decomposition at 265-280°C 

range with 16.91% weight loss (Calc. 17.07%), which could be due to the loss of coordinated 

chloride group. The complex showed an exothermic peak observed at 301°C was due its 

melting point. Finally, exothermic peaks appeared at 445, 490, 570 and 610 °C corresponding 

to oxidative thermal decomposition which proceeded slowly with leaving CaO with 13.74% 

weight loss (Calc. 13.65%) [39]. The TGA and DTA thermogram of Fe(III) complex (3) 

showed endothermic peak observed at 70 with 7.96% weight loss (Calc. 8.13%) which could 

be due to the elimination of  hydrated water molecule. The decomposition process which 

occurred at 143°C with 4.31% weight loss (Calc. 4.06%) could be due to the elimination of 

coordinated H2O molecule. The endothermic peak observed at 270°C with 16.96% weight 

loss (Calc. 16.01%), could be due to the elimination of two chloride groups. Another 

endothermic peak observed at 309°C with no weight loss may be due to its melting point. 

Finally, the complex showed exothermic peaks observed at 470, 510, 580 and 600°C with 

35.99% weight loss (Calc. 36.08%) corresponding to oxidative thermal decomposition which 

proceeded slowly with final residue, assigned to Fe2O3 . The TGA and DTA thermogram of 

Ni(II) complex (5) showed endothermic peak observed at 48°C, was due to break of hydrogen 

bondings. Another endothermic peak appeared at 65°C, with 3.12% weight loss (Calc.2.77 

%), was due to loss of one hydrated water molecule. The endothermic peak observed at 

140°C with 18.31% weight loss (Calc. 18.15%), could be due to the elimination of two 

coordinated acetate groups. Another exothermic peak observed at 302 with no weight loss 

may be due to its Melting point. Finally oxidative thermal decomposition occured at 425, 

485, 530 and 605°C with exothermic peaks, leaving NiO with 11.41% weight loss (Calc. 

11.37%) [40]. The TGA and DTA thermogram of Cu (II) complex (6) decomposed in five 

steps. The first occurred at 50°C with no weight loss as endothermic peak, was due to break 

of hydrogen bondings. The second step occured at 75°C with 7.91 % weight loss (Calc. 

7.07%) as endothermic peak  which could be due to the elimination of two hydrated water 

molecule. Another endothermic peak observed at 142°C with 6.88% weight loss (Calc. 

7.07%) was assigned to the loss of two coordinated water molecule.. At 312°C, endothermic 

peak appeared which was due to melting point. Oxidative thermal decomposition occured at 

475,530,595 and 610 °C with exothermic peaks, leaving CuO with 11.98% weight loss (Calc. 

12.36%) [41]. The TGA and DTA thermo gram of Cu (II) complex (8) decomposed in five 
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steps. The first occurred at 45°C with no weight loss as endothermic peak, may be due to 

break of hydrogen bonding. The second step occurred at 70°C with 2.72% weight loss (Calc. 

2.74%) as endothermic peak which could be due to the elimination of one hydrated water 

molecules. Another endothermic peak observed at 265,270°C with 17.36% weight loss (Calc. 

18.00%) was assigned to the loss of two Acetate groups.  Another endothermic peak observed 

at with 315°C with no weight loss was due to melting point. Oxidative thermal decomposition 

occured at 425,490,540 and 600 °C with exothermic peaks, leaving CuO with 11.91% weight 

loss (Calc. 12.04%) [42]. The TGA and DTA thermogram of Cu(II) complex (9) decomposed 

in five steps. The first occurred at 49°C with no weight loss as endothermic peak, may be due 

to break of hydrogen bondings. The second step occured at 80°C with 8.18% weight loss 

(Calc. 8.41%) as endothermic peak which could be due to the elimination of  two hydrated 

water molecule. Another endothermic peak observed at 140°C with 11.81% weight loss 

(Calc. 11.02%) was assigned to the loss of two  chloride groups.. At 325°C, endothermic 

peak appeared which was due to melting point. Oxidative thermal decomposition occured at 

440,495,540, 605 and, 640 °C with exothermic peaks, leaving CuO with 12.91% weight loss 

(Calc. 12.27%) [43]. The TGA and DTA thermogram of Zn(II) complex (11) showed 

endothermic peak at 48°C, due to break of hydrogen bonding. Another endothermic peak 

observed at 65°C with 2.33% weight loss (Calc. 2.74%) as endothermic peak which could be 

due to the elimination of hydrated water molecule. Another endothermic peak appeared at 

285,300°C, with 20.12% weight loss (Calc. 20.88%), was due to loss of two acetate groups. 

Another endothermic peak observed at 333°C with no weight loss may be due to its melting 

point. Finally oxidative thermal decomposition occured in the 425, 490, 515 and 580 and °C 

with exothermic peaks, leaving ZnO with 12.80% weight loss (Calc. 12.11%) [44]. The TGA 

and DTA thermogram of Ag(I) complex (12) showed endothermic peak at 48°C, due to break 

of hydrogen bondings. Another endothermic peak observed at 70°C with 8.81% weight loss 

(Calc. 8.31%) as endothermic peak which could be due to the elimination of two hydrated 

water molecule. Another endothermic peak appeared at 285, 300°C, with 14.59% weight loss 

(Calc. 14.31%), was due to loss of nitrate group. Another endothermic peak observed at 

320°C with no with no weight loss may be due to its melting point. Finally oxidative thermal 

decomposition occured in the 350, 400, 455 and 580 and °C with exothermic peaks, leaving 

AgO with 28.54% weight loss (Calc. 28.38%) [45]. The TGA and DTA thermo gram of 

Cd(II) complex (13) showed that, the complex decomposed in six steps. The first occurred at 

45°C with no weight loss as endothermic peak, may be due to break of hydrogen bonding. 

The second step occured at 70°C with 4.07 % weight loss (Calc. 4.97%) as endothermic peak 

which could be due to the elimination of two hydrated water molecules. The decomposition 

step which occurred at 150°C with 16.99% weight loss (Calc. 16.29%) could be due to the 
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elimination of two acetate groups. The complex showed an endothermic peak observed at 

315°C was due its melting point. Finally, exothermic peaks appeared at 425, 480, 540 and  

580 °C respectively corresponding to oxidative thermal decomposition which proceeded 

slowly with leaving CdO with 34.16% weight loss (Calc. 34.34%) . The TGA and DTA 

thermogram of Hg(II) complex (14) decomposed in six steps. The first occurred at 49°C with 

no weight loss as endothermic peak, may be due to break of hydrogen bondings. The second 

step occured at 80°C with 3.63% weight loss (Calc. 3.25%) as endothermic peak which could 

be due to the elimination of  one hydrated water molecule. Another endothermic peak 

observed at 144°C with 6.36% weight loss (Calc. 6.50%) was assigned to the loss of two 

coordinated water groups.. At 325°C, endothermic peak appeared which was due to melting 

point. Oxidative thermal decomposition occured at 440,495,540, and 605, °C with exothermic 

peaks, leaving HgO with 35.89% weight loss (Calc. 36.45%) . The TGA and DTA 

thermogram of Pb(II) complex (15) decomposed in five steps. The first occurred at 49°C with 

no weight loss as endothermic peak, may be due to break of hydrogen bondings. The second 

step occured at 80°C with 4.22% weight loss (Calc. 4.74%) as endothermic peak which could 

be due to the elimination of  two hydrated water molecule. Another endothermic peak 

observed at 270,285°C with 15.1% weight loss (Calc. 15.54%) was assigned to the loss of 

two acetate groups.. At 325°C, endothermic peak appeared which was due to melting point. 

Oxidative thermal decomposition occurred at 440,490,560, and 605, °C with exothermic 

peaks, leaving PbO with 29.31% weight loss (Calc. 29.40%). 
   

Table (4). Thermal analysis data for some metal (II) complexes 

Compound No. 

Molecular formula 

Temp. 
(oC) 

DTA (peak)      TGA (Wt.loss %) Assignments 

Endo       Exo        Calc    Found 

 

 

Complex (2) 

((HL)CaCl2H2O2).2H2O 

45 endo - - - Broken of H-bondings 

75 endo - 8.61 8.41 Loss of 2H2O hydrated water molecules 

145 endo - 8.61 8.19 Loss of 2H2O coordinated water molecules 

265,280 endo - 17.07 16.91 Loss of  2Cl groups 

301 endo - - - Melting point 

445,490,570,610 - Exo 13.65 13.74 Decomposition process with the formation of CaO 
 

 

Complex (3) 

 ((HL)FeCl3H2O).2H2O 

46 endo - - - Broken of H-bondings 

70 endo - 8.13 7.96 Loss of 2H2O hydrated, water molecules 

143 endo - 4.06 4.31 Loss of H2O  coordinated, water molecules 

270   16.01 16.96 Loss of coordinated 2Cl groups 

309 endo - - - Melting point 

470,510,580,600 - Exo 36.08 35.99 Decomposition process with the formation of Fe 2O3 
 

Complex (5) 

 ((2HL)Ni (OAc)2).H2O 

48 endo - - - Broken of H-bondings 
65 endo - 2.77 3.12 Loss of H2O hydrated water molecule 

140 endo - 18.15 18.31 Loss of coordinated  2OAc groups 
302 endo - - - Melting point 

425,485,530,605 - Exo 11.37 11.41 Decomposition process with the formation of NiO 
 

Complex(6) 

(HLCu 

(OAc)2(H2O)2).2H2O 

50 endo - - - Broken of H-bondings 
75 endo - 7.07 7.91 Loss of 2H2O hydrated water molecules 

142 endo - 7.07 6.88 Loss of 2H2O coordinated water molecules 
312 endo - - - Melting point 

475,530,595,610 - Exo 12.36 11.98 Decomposition process with the formation of Cuo 
 

Complex(8) 

((2HL)Cu(OAc)2).H2O 

45 endo - - - Broken of H-bondings 
70 endo - 2.74 2.72 Loss of H2O hydrated water molecules 

265,270 endo - 18.00 17.36 Loss of coordinated 2 OAc groups 
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315 endo - - - Melting point 
425,490,540,600 - Exo 12.04 11.91 Decomposition process with the formation of CuO 

 

Complex(9) 

((2HL)CuCl2).3H2O 

49 endo - - - Broken of H-bondings 

80 endo - 8.41 8.18 Loss of 3H2O hydrated water molecules 

140 endo - 11.02 11.81 Loss of  2 Cl groups 

325 endo - - - Melting point 

440,495,540,605 - Exo 12.27 12.91 Decomposition process with the formation of CuO 
 

 

Complex(11) 

((2HL)Zn (OAc)2).H2O 

48 endo - - - Broken of H-bondings 

65 endo - 2.74 2.332 Loss of H2O hydrated water molecules 

285,300 endo - 20.88 20.12 Loss of 2OAc groups 

333 endo - - - Melting point 

425,490,515,580 - Exo 12.11 12.80 Decomposition process with the formation of  ZnO 

 

 

Complex(12) 
 ((2HL)Ag NO3).2H2O 

48 endo - - - Broken of H-bondings 

65 endo - 8.31 8.81 Loss of 2H2O hydrated water molecules 
285,300 endo - 14.31 14.59 Loss of NO3 group 
320 endo - - - Melting point 
350,400,455,580 - Exo 28.38 28.54 Decomposition process with the formation of  AgO 

 

 

Complex(13) 

((2HL)Cd(OAc)2).2H2O 

 

 

45 endo - - - Broken of H-bondings 
70 endo - 4.97 4.07 Loss of 2H2O hydrated water molecules 

150 endo - 16.29 16.99 Loss of 2OAc coordinated water molecules 
315 endo - - - Melting point 

425, 480, 540,580 - Exo 34.34 34.16 Decomposition process with the formation of CdO 
 

 

Complex(14) 

((2HL)HgCl2(H2O)2).H2O 

49 endo - - - Broken of H-bondings 

80 endo - 3.25 3.63 Loss of H2O hydrated water molecule 

144 endo - 6.50 6.36 Loss of coordinated  2H2Ogroups 

325 endo - - - Melting point 

440,495,540,605 - Exo 36.45 35.89 Decomposition process with the formation of HgO 
 

 

Complex(15) 

((2HL)Pb(OAc)(H2O)).3H2O 

49 endo - - - Broken of H-bondings 

80 endo - 4.74 4.22 Loss of 2H2Ohydrated water molecules 

270,285 endo - 15.54 15.1 Loss of 2 OAc groups 

325 endo - - - Melting point 

440,490,560,605 - Exo 29.40 29.31 Decomposition process with the formation of PbO 

 

Electron spin resonance (ESR): The ESR spectral data for complexes (4-8) are presented in 

(Table 3). The spectra of Cu(II) complexes (6-8) are characteristic of species d
9
 

configuration having axial type of a d(x2-y2) ground state which is the most common for 

copper(II) complexes [46]. The complexes showed g||>g┴>2.0023, indicating octahedral 

geometry around copper (II) ion [47]. The g-values are related by the expression G = (g||-2)/ 

(g┴ -2)[48], where (G) exchange coupling interaction parameter (G). If G<4.0, a significant 

exchange coupling is present, whereas if G value > 4.0, local tetragonal axes are aligned 

parallel or only slightly misaligned. Complexes (3), (4) and (5) showed 3.14, 3.50 and 3.80 

values indicating spin-exchange interactions took place between copper (II) ions. This 

phenomena is further confirmed by the magnetic moments values (1.43 and 1.69 B.M.). On 

the other hand, the g||/A|| value is also considered as a diagnostic term for stereochemistry 

[49]. The g||/A|| values for the copper complexes are 170.77, 170.00 and 168.5 cm
-1

 which lie 

just within the range expected for the tetragonal distorted octahedral copper(II)complexes 

(Table2). The g-value of the Cu(II) complexes with a 
2
B1g ground state (g||>g┴) may be 

expressed by[50]. 

g||    = 2.002 – (8K
2

||°/ΔExy) (1) 

g┴   = 2.002 – (2K
2
┴°/ΔExz) (2) 
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Where k|| and k┴ are the parallel and perpendicular components respectively of the orbital 

reduction factor (K), ° is the spin-orbit coupling constant for the free copper, ΔExy and 

ΔExz are the electron transition energies of 
2
B1g→

2
B2g and 

2
B1g→

2
Eg. From the above 

relations, the orbital reduction factors 

(K||, K┴, K), which are measure terms for covalence [51], can be calculated. For an ionic 

environment, K=1; while for a covalent environment, K<1. The lower the value of K, the 

greater is the covalency. 

K
2
┴ = (g┴- 2.002) ΔExz /2

o
 (3) 

K
2

|| = (g|| - 2.002) ΔExy /8
o
 (4) 

K
2
 = (K2|| +2K

2
┴)/3 (5) 

K values (Table 4), for the copper (II) complexes (6), (7) and (8) are indicating covalent 

bond character [52]. Kivelson and Neiman noted that, for ionic environment g||≥2.3 and for a 

covalent environment g||<2.3 [53]. Theoretical work by Smith seems to confirm this view. 

The g-values reported here (Table 4) showed considerable covalent bond character. Also, the 

in-plane σ-covalence parameter, α
2
 (Cu) was calculated by 

α
2
 (Cu) = (A||/0.036)+(g||-2.002)+3/7(g -2.002)+0.04 (6) 

The calculated values (Table 4) suggested a covalent bonding [53]. The in-plane and out of- 

plane -bonding coefficients 1
2
 and 

2
 respectively, are dependent upon the values of ΔExy 

and ΔExz in the following equations [54]. 

α
2


2
 = (g┴- 2.002) Δ Exy/2o (7) 

α
2
1

2
 = (g|| - 2.002) Δ Exz/8o (8) 

In this work, the complexes (6), (7) and (8) showed 1
2
 values 2.84, 2.71 and 2.41 indicating 

a moderate degree of covalence in the in-plane -bonding [55]
2
 value for complexes (6), 

(7) and (8)   showed 2.76, 2.54 and 2.23 indicating ionic character of the out-of-plane, [55]. It 

is possible to calculate approximate orbital populations for d orbitals [56] by 

A|| = Aiso – 2B[1 ± (7/4) Δg||] g= g- ge (9) 

p, d 
2
 =2B/ 2B° (10) 

Where A° and 2B° is the calculated dipolar coupling for unit occupancy of d orbital 

respectively. When the data were analyzed, the components of the [57]. Cu hyperfine 

coupling were considered with all the sign combinations. The only physically meaningful 

results are found when A|| and A were negative. The resulting isotropic coupling constant 

was negative and the parallel component of the dipolar coupling 2B are negative (-196.4, -

183.03 and -156.00 G). These results can only occur for an orbital involving the dx2-y2 

atomic orbital on copper. The value for 2B is quite normal for copper (Il) complexes [58]. 

Complexes (4) and (5) showed isotropic spectra with giso= 2.03 and 2.02. 
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Table 5:-ESR data for some metal (II) complexes:-  

a) giso = (2g┴ + gǁ)/3,  b) Aiso = (2A┴ + Aǁ)/3,  c) G= (gǁ - 2)/ (g┴ - 2) 

 

 

X-ray Diffraction Spectroscopy XRD pattern: 

Powder X-ray Diffraction Spectroscopy XRD pattern of the Cu (II) complex (6), Zn(II) 

complex (11) and Ag(I) complex (12) bearing CH3COO− were recorded in the range 

(2θ = 0–80) is shown in (Figure 8). The pattern of the metal complexes was studied to further 

obtain evidence about the structure of the metal complexes at wavelength 1.5406 ´Å. The 

XRD pattern of the Cu(II) complexes shows well defined crystalline peaks indicating that the 

Cu(II) ,Zn(II) and Ag(I)-Schiff base complexes were in crystalline phase. The average 

crystallite size of the complexes dXRD was estimated from XRD patterns by Scherer’s 

formula: dXRD = 0.9λ/β (cosθ) where ‘λ’ is the wavelength, ‘β’ is the full width at half 

maxima and ‘θ’ is the diffraction angle. The XRD reveal that [(HL)Cu(OAc)2.(H2O)2].2H2O, 

[(HL)2Zn(OAc)2]. H2O and  [(HL)AgNO3].2 H2O complexes have the average crystallite 

sizes of 27.10, 22.60 and 7.11 nm respectively. It suggests the complexes are nanocrystalline 

[59]. 

 

 

No. g g giso
a 

A 

(G) 

A
 

(G) 

Aiso
b
 

(G) 
G 

c 
ΔExy

 
ΔExz K

2 
K

2 K 
K

2 

 
g/A α 

2
 ß

 2 
ß1

2
 -2 ß 

ad
2 

(%) 

(4) - - 2.03 - - - - - - - - - 
 

- 

- - - - - - 

(5) - - 2.02 - - - - - - - - - 
 

- 

- - - - - - 

(6) 2.2 2.06 2.11 95 5 35 3.33 17391 21505 0.75 0.52 0.91 
 

0.84 

200 0.61 1.23 0.85 206.3 87.8 

(7) 2.17 2.05 2.13 115 10 45 3.4 17699 21277 0.61 0.45 0.74 
 

0.56 
217 0.51 1.19 0.88 228.5 97.2 

(8) 2.19 2.08 2.12 120 15 50 2.38 17482 20920  
0.98 

0.5 0.90 
 

0.82 

156.4 0.65 1.51 0.77 131 56 
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X-ray Diffraction Spectroscopy (XRD) 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Transmission electron microscope characterization (TEM): 

 

Scanning and transmission electron microscopy (SEM and TEM):                        

The SEM images revealed that the surface of compounds are uniformly covered by the Ligand 

(1) and Zn (II) complex (11) . The layers were amorphous and crystaline structures appeared. 

The dimention of these crystalites ranged from 7.41 to 16.71 µm Fig.4 [60]. 

The TEM images reveal that the average diameter of particles size of the ligand (1) and Zn (II) 

complex (11) were determined to be 18.53-43.75 nm and 18.31-32.77 nm respectively. Ligand 

and Zn (II) complex (11) were present in Nano size particle i.e., their particles present in a 

diameter between 1 and 100 nm in size. Ligand and  complex (11) show sign with ratio that 

exhibit new or enhanced size-dependent properties compared with larger particles of the same 

material with many advantages such as: Increased bioavailability, dose proportionality, 

decreased toxicity, smaller dosage form (i.e., smaller tablet), stable dosage forms of drugs which 

are either unstable or have  unacceptably low bioavailability in non-Nano particulate dosage 

forms, increased active agent surface area results in a faster dissolution of the active agent in an 

aqueous environment, such as the human body, faster dissolution generally equates with greater 

 

Fig. 8: X-ray Diffraction Spectroscopy XRD pattern of the Cu(II) complex (6):[A], Zn(II) 

complex (11):[B]   

and Ag(I) complex (12);[C]  

 

[B] 

[C] 

[A] 
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bioavailability, smaller drug doses, less toxicity and reduction in fed/fasted variability [61]. 

 

 

 

 
 

Fig. 9. TEM images for HL (1) and ZN(II) Complex (11) 
 

 
 

Fig.10. SEM images for HL (1); a,b and Zn(II) complex (11); c,d with different 

magnification 

 

Fluorescence spectroscopy 

The emission spectra of the ligand HL(1), Cu(II) complex (6), Zn(II) complex (11) and Ag(I) 

complex (12)  were recorded in DMF and were shown in Fig. 11. [62]. After an excitation 

a b 

c d 

Zn(II) complex (11) HL (1) 
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wavelength of 290 nm, the Cu (II) metal complex (6) showed an emission wavelength of 390 

nm, and discovered to be red shifted. Furthermore, the red shift of the emission wavelength in 

the case of Cu (II) may be caused by the primary amino group. Additionally, the conjugation 

of the ligand and metal complex resulted in an increase in fluorescence intensity. The copper; 

Cu (II) metal complex has fluorescent in nature, as seen by the fluorescence emission spectra 

Fig. 11 (A) & (B). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 (A). Fluorescence spectroscopy of the ligand HL (1) 
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Fig.11 (B). Fluorescence spectroscopy of Cu (II) complex (6), Zn (II) complex (11) and Ag 

(I) complex (12) 
 

 

 

Chemotherapeutic Studies: Cytotoxic evolution against prostatic carcinoma cell line of the 

ligand and its complexes have been carried out.  Ligand (1) and its complexes showed 

enhanced activity in comparison to the standard drug (Cisplatin) was applied with IC50 = 

8.51-401.18 µg/ml range. Zn (II) complex (11) was the most potent cytotoxic agent against 

prostatic carcinoma with IC50 = 8.51 µg/ml which candidates as anticancer agent.  

 

 
 

 

Fig. 12.  IC50 values of the ligand, HL (1) and its metal complexes against human PC-3 

cancer cell lines 
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Fig (13). Photomicrograph showed non-treated PC-3 cells  

Non treated control 
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Fig(14). Photomicrograph showed the effect of standard drug (Cisplatin) against PC-3 

cells at different concentrations 
 

 

 

 

Fig(15). Photomicrograph showed the effect of Ligand HL (1) against PC-3 cells at 

different concentrations 
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Fig(16). Photomicrograph showed the effect of complex (6) against PC-3 cells at different 

concentrations 

 

 
 

Fig(17) Photomicrograph showed the effect of complex (11) against PC-3 cells at 

different concentrations 

 

 
 

Fig(18) Photomicrograph showed the effect of complex (12) against PC-3 cells at 

different concentrations 

 

 
Fig(19) Photomicrograph showed the effect of complex (13) against PC 3 cells at 

different concentrations 

Complex 11 

Complex 12 

Complex 13 
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Antimicrobial Activity 
 

In vitro biological screening tests of the ligand and metal complexes (1), (6), (11), (12) 

and (13) carried out as antibacterial and antifungal activity and presented in table 5 and 

figure 12. The antibacterial activity was tested against two bacterial strains; Gram-

positive and Gram-negative strains. The results compared with standard drug (Ampicllin 

(Gram positive) and Gentamicin (Gram negative). The data indicated that, complexes 

were active against bacteria. The results showed  that the  cytotoxic effect against Gram 

positive and Gram negative strains is Cd (II) complex  (13) was high effect, for E.coli the 

order of cytotoxic effect was  standard > complex (11) = complex (13) and others were 

zero effect. Complex (1) , (6) and (12) had no effect against Bacillus subtilis, 

Staphylococcus aurous, E.coli, candida albicans and Pseudomonas aeruginosa .Cd(II) 

complex showed wide range of bactericidal activities against the gram positive and gram 

negative bacteria.  Further, the Cd (II) complex (13) was more active than the free ligand, 

which indicates that, metalation increases antimicrobial activity.  
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Fig (20). The micro-organisms were tested against the activity 10 mg /ml of the standard drug, 
complexes (1), (6), (11), (12) and (13) 

 

Conclusion 

Metalloorganic complexes of  Ca(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Ag(I), Cd(II), 

Hg(II)  and Pb(II) with  N-(4-aminophenyl)-2-hydroxybenzamide amide ligand have 

much potential as therapeutic and cytotoxic agents against Prostatic carcinoma cell line 

(PC-3). Specific examples involving the design of metal complexes as anticancer  and 

antimicrobial agents have been synthesized and characterized by transmission electron 

microscope (TEM), Scanning electron microscope with EDEX,  (mass, IR, UV-VIS and 

ESR) spectroscopy, XRD, as well as magnetic moments, conductance, elemental and 

thermal analyses.  Molar conductance in DMF solution indicates that, the complexes are 

non-electrolytes. The ESR spectra of solid Cu (II) complex (8) showed isotropic type 

indicating an octahedral geometry with covalent bond character. X-ray Diffraction 

Spectroscopy XRD has been done. The XRD reveal that cu (II) complex (6), Zn (II) 

complex (11) and Ag (I) complex (12) these complexes have the average crystallite sizes 
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of 27.1,22.6 and 7.11 nm respectively. It was suggested that the complexes were 

nanocrystalline. Cytotoxic evolution against Prostatic carcinoma cell line of the ligand 

and its complexes has been carried out.  Ligand (1) and its complexes showed enhanced 

activity in comparison to the standard drug (Cisplatin) was applied with  

IC50 = 8.51-401.18 µg/ml range. Zn(II) complex (11) was the most potent cytotoxic agent 

against prostatic carcinoma with IC50 = 8.51 µg/ml which candidates as anticancer agent. 

Antimicrobial activity also, had been carried out. These organometallic compounds 

candidates as ant prostatic cancer agents. 
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