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ABSTRACT 
 
Reaction of p-hydroxy-benzoic-1, 2-phenylenediamine hydrazide with 

acetic anhydride (1:1) molar ratio in ethanol leads to the formation of new nano 
bioactive compound containing paracetamol moiety. Mn(II), Fe(III), Co(II), Ni(II), 
Cu(II), Zn(II), Cd(II), Pb(II), Ca(II), Sr(II) and Mg(II) complexes have been 
synthesized and characterized using 1H-NMR, Mass spectra, IR, UV-VIS and ESR 
spectra, Magnetic moments, Conductance measurements, as well as Elemental and 
Thermal analyses (DTA and TGA). Molar conductance in DMF solution indicates 
that, the complexes are non-electrolytes in nature. Electron microscopic data show 
the complexes are in nanoparticles (NPs) form. The ESR spectra of Cu(II) complexes 
show anisotropic spectra a d(x2-y2)  with covalent bond character, however, Mn(II), 
Fe(III) and Co(II) complexes show isotropic type. Invitro antimicrobial activity of the 
prepared compounds was tested using the filter paper diffusion method and the chosen 
strains. Some of these bioactive compound exhibit very promising antibacterial and 
antifungal activities in comparing with standard drugs with no toxic effect (invivo 
studies). 
 
Keywords: Paracetamol moiety, Complexes, Spectra, Magnetism, ESR, 
Antimicrobial. 
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INTRODUCTION 
 
 

Inorganic elements play crucial role in biological medical processes and it is evident 
that many organic compounds used in medicine do not have a purely organic mode of action, 
some are activated or bio-transformed by metal ions metabolism. Schiff-bases have played a 
role in the development of coordination chemistry. Schiff- bases compounds containing an 
imine (azomethine) group (C=N-) possessing a broad spectrum of biological activity and in 
corporation with metals to form complexes which are showed some degree of inflammatory 
activity1 antibacterial2-11, antigenotoxcity, antifungal and antitumor12-18. The increasing 
interest in transition metal complexes containing Schiff -base ligand is derived from their well-
established role in biological system as well as their catalytic and pharmaceutical applications5-15. 
Young doctors - Arnold Chan and Paul Heppa-published their discovery and show acetanilide 
was used in medical practice in 1886 under the name of antifebrin. Schiff-bases derived from 
an amino and carbonyl compound are an important class of ligands that coordinate to metal 
ions via azomethine nitrogen and have been studied extensively3-10. In azomethine derivatives, 
the C=N linkage is essential for biological activity, several azomethine has been reported to 
possess remarkable antibacterial, antifungal, anticancer and antimalarial activities8. In 
continuation of our studies on synthesis of new bioactive ligands and their metal complexes 
of biologically active. We reported new metal complexes of acetic (E)-N-(2-(4-hydroxy 
benzamido)phenyl)acetimidic anhydride and their biological activity. Paracetamol (an 
international name used in Europe) and acetaminophen (an international name used in the 
USA) are two official names of the same chemical compound derived from its chemical name: 
N-acetyl-para-aminophenol. Paracetamol is a medication used to treat pain and fever19-21. It is 
typically used for mild to moderate pain relief. Paracetamol has analgesic and antipyretic 
properties but it has no useful anti-inflammatory properties. In recent years, various strategies 
have been suggested to overcome the resistance or to improve the medication. To achieve this 
goal has involved the combination of other molecules with the paracetamol which apparently 
restores the desirable antimicrobial activity. These molecules can be non-antibiotic drugs with 
potential antimicrobial properties that can create opportunities for innovative therapeutic 
approaches. Synthesis, properties and applications of nanoparticles (NPs) exist in different 
forms. NPs are tiny materials having size ranges from 1 to 100 nm. They can be classified into 
different classes based on their properties, shapes or sizes. Nanoparticles are increasingly used 
to target microbes as an alternative to antibiotics19-21. In regard to this case paracetamol have been 
modified to give new bioactive ligand and its nano complexes in order to act against microbes.  
 
EXPERIMENTAL 
 
Materials 
 
          The starting chemicals were of analytical grade and used without further purification. 
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Physical and spectroscopic techniques 
          The characterization of the ligand and its metal complexes carried out using various 
spectroscopic techniques such as:- 

Elemental analyses (C, H, N and Cl) were performed by analytical laboratory of Cairo 
University, Egypt. 
 
Molar conductivity 
          The molar conductivity of 10-3 M of compounds in dimethyl-sulfoxide (DMSO) was 
determined using Bibby conductimeters MCI at room temperature. Molar conductivities were 
calculated according to the following equation: 
ΛM = V*K*g/Mw *Ω 
Where: ΛM=molar conductivity (ohm-1cm2mol-1) V=volume of the solution (100 cm3) 
K = cell constant: 0.92 cm-1 
Mw = molecular weight of the complex 
g = grams of complex dissolved in 100 cm3 solution 
Ω = resistance measured in ohms 
 
Mass spectra 
          The mass spectra of the compounds were recorded on JEOL JMS-XA-500 mass 
spectrometer. 
 
Thermal analyses 

DTA and TGA were carried out on a Shimadzu DT-30 thermal analyzer in nitrogen 
atmosphere, from room temperature to 600 °C at a heating rate of 10 °C per minute. 
 

1H-NMR spectra 
The 1H-NMR spectra were recorded on a JEOL EX-270 MHZ FT-NMR spectrometer 

in deuterated dimethylsulfoxide (DMSO -d6) as a solvent. The chemical shifts were measured 
relative to the solvent peaks. 
 

IR spectra 
The infrared spectra of the ligand and its complexes were recorded on Perkin Elmer's 

infrared spectrometer 681 using KBr or CsBr discs. 
 

Electronic absorption spectra 
The electronic absorption spectra of the compounds were recorded on UNICO SQ-

4802 UV/ Vis. Double beam spectrophotometer (190- 1100 nm) using 1 cm quartz cell using 
DMSO as a solvent. 
 

Magnetic susceptibility 
The magnetic susceptibilities of the solid compounds in the solid state were measured 

in a borosilicate tube with a Johnson Matthey8 at room temperature using the following 
equations: 
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Χa = [2.086 L (R- Ro) / (109W)] 
 
Χm = Xa * Mw 
 
Χn = Xm – D 
 
µeff = 2.828 (Xn × T)1/2 Where:- 
 
Χa = mass susceptibility L = sample length in cm 
 
R = tube + sample reading Ro = empty the reading 
 
W = mass of the sample Χm = molar susceptibility Mw = molecular weight 
 
Χn = corrected molar susceptibility D = diamagnetic corrections 
 
µeff = effective magnetic moment T = room temperature in Kelvin 
 
Determination of metal content 

Metal content was determined using colorimetric method on HACH DR 5000 
spectrophotometer22-24. 
 
ESR spectra 

The solid ESR spectra of some complexes were recorded with ELEXSYS E500 
Bruker spectrometer in 3 nm Pyrex Tubes at 25° C. Diphenylpicrl-hydrazide (DPPH) free 
radical was used as a g- marker for the calibration of the spectra. The equation used to 
determine g- values was 

 
g = (g DPPH) (H DPPH) / H Where: g DPPH = 2.0036 
 

H DPPH = magnetic field of DPPH in gauss H = magnetic field of the sample in gauss. 
 
Preparation of the ligand (1)  

 
It was prepared by refluxing and stirring two hours of p-hydroxy-methyl benzoate 

(10.0 g, 1.914 mol) with o-phenylene diamine (6.2 g, 1.913 mol) in 30 cm3 ethanol. The solid 
product which formed left to cool at room temperature, filtered off, washed with ethanol and 
dried. The solid hydrized p-hydroxy-benzoic-1,2-phenylene diamine (15.0 g, 0.188 mol) 
dissolved in 35 cm3 ethanol and then acetic anhydride (6.7 g, 0.187 mol) was added. Reflux 
the mixture with stirring for two hours and then left the product to cool at room temperature, 
filtered off the precipitate and leave it to dry at room temperature. Recrystallize the product in 
ethanol and dried to give the final ligand. 
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Preparation of ligand (1) is shown in Scheme 1. 

 
Scheme (1): Preparation of ligand (1) 

 

Ligand (1): Yield 91%; m.p. 70; color is dark brown; Anal. Calcd. for C17H16N2O4 (FW=312): 
C, 65.44; H, 5.22; N, 8.98. Found (%) C, 65.3; H, 5.1; N, 8.97; IR (KBr, cm−1), 3367 υ(OH), 
3288 υ(NH), 1680  υ(C=O),   1603   υ(C=N), 1279 υ(C-OH); The mass spectrum of the ligand 
(HL) revealed molecular ion peak at m/z 312. Analytical data for ligand (1) and its complexes 
are given in Table (1): 
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Preparation of Metal Complexes (2)-(21) 
 
            The metal complexes (2-21) were prepared by refluxing with stirring a suitable 
amount of a hot ethanolic solution of the following metal salts: Cu(OAc)2 . H2O (0.29 g, 0.053 
mol) complex (2), Cu(OAc)2 . H2O (0.145 g, 0.0265 mol) complex (3), Cd(OAc)2 . H2O (0.349 
g, 0.054 mol) complex (4), Mn(OAc)2 . 4H2O (0.39 g, 0.053 mol) complex (5), Zn(OAc)2 . 

4H2O (0.35 g, 0.0531 mol) complex (6), Ni(OAc)2 . 4H2O (0.399 g, 0.0534 mol) complex (7), 

Ca(OAc)2 . H2O (0.253 g, 0.0533 mol) complex (8), CuSO4·5H2O (0.358 g, 0.0534 mol) 
complex(9), CoSO4·7H2O (0.450 g, 0.0534 mol) complex(10), FeSO4 . 7H2O (0.446 g, 0.0533 
mol) complex(11), MnSO4·H2O (0.271 g, 0.0534 mol) complex(12), Ni(SO4)2 . 6H2O (0.421 g, 
0.0534 mol) complex(13), PbSO4. 2H2O (0.486 g, 0.0534 mol) complex(14), ZnSO4 . 7H2O 
(0.288g, 0.0535 mol) complex(15), MgSO4 (0.193 g, 0.0534 mol) complex(16), 

Cd(NO3)2.2H2O (0.437 g, 0.0535 mol) complex(17), Pb(NO3)2.3H2O (0.617 g, 0.0534 mol) 
complex(18), Zn(NO3)2.4H2O (0.304 g, 0.0533 mol) complex(19), PbCl2.H2O (0.446 g, 0.0535 
mol) complex(20), SrCl2.4H2O (0.427 g, 0.0534 mol) complex(21) with a hot ethanolic 
solution of the ligand (1) (0.5 g, 0.0534 mol) in 30 cm3 ethanol for 1-3 hrs. range. The 
precipitates which formed were filtered off, washed with ethanol then by diethyl ether and 
dried in vacuum desiccators over P4O10. 
 
Biological activity 
 
Antimicrobial activity 
 

Antimicrobial activity of the tested compounds was assessed against gram positive 
bacteria (Staphylococcus aureus), gram negative bacteria (Escherichia coli) and fungi 
(Aspergillus flavus) and (Candida albicans) using disc diffusion method [25]. Tetracycline 
was used as a positive control and solvent control (DMSO) was also used to know the activity 
of the solvent. The test compounds were dissolved in DMSO to give concentrations 250, 200, 
175, 150 and 125 ppm and a DMSO poured disc was used as negative control. The bacteria 
were subcultured in nutrient agar medium, which was prepared using peptone, beef extract, 
NaCl, agar and distilled water. The Petri dishes were incubated for 48 hrs at 37°C. The standard 
antibacterial drug tetracycline was also screened under similar conditions for comparison. The 
zone of inhibition was measured in millimeters carefully. All determination was made in 
duplicate for each of the compounds. An average of the two independent readings for each 
compound was recorded. 
 
RESULTS AND DISCUSSION 
 

The ligand (1) and its metal complexes (2)-(21) are stable at room temperature, non-
hydroscopic and are insoluble in common solvents such as ethanol, acetone, water and 
chloroform but soluble in DMF and DMSO. The elemental analysis confirmed that, all 
complexes are composed of the ligand and metal ions with molar ratios equal to 1L: 1M except 
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complex (3), 2L: 1M. Many attempts were made to grow a single crystal, but unfortunately, 
they failed until now. Some of the metal complexes are found in nano form having size range 
from (5.68 - 9.47) make different properties of these complexes. Electromicroscopic diagram 
of complex (4) is showed in figure (2).The analytical, physical and spectral data are presented 
in experimental part, and Tables (1)-(6) which are compatible with the suggested structures as 
shown in figure (1). 
 

Table 1:- Analytical and Physical Data of the Ligand (1) and its Metal Complexes 
 

No. Ligand/Complexes Color FW M.P 
(OC) 

Yield 
(%) 

Anal. /Found (Calc.) (%)  
C H N M Conductivity 

Λ 

(1) [HL] 
C17H16N2O4 

Dark 
brown 312 70 91 65.44 

 (65.3) 
5.22 
(5.1) 

8.98 
(8.97) - - 

(2) [(HL)Cu (OAc)2(H2O) 
].2H2O C21H28CuN2O11 Black 547.5 88 92 46.22 

(46.02) 
5.13 

(5.11) 
5.15 

(5.11) 
11.75 
(11.5) 

4.3 

(3) [(HL)2Cu(OAc)2] 
C34H30CuN4O8 Black 685.5 93 95 59.77 

 (59.5) 
4.45 
(4.3) 

8.21 
(8.1) 

9.43 
 (9.3) 

5.3 

(4) [(HL)Cd (OAc)2(H2O) 
].2H2O C21H28CdN2O11 Brown 596.41 84 70 42.35 

(42.25) 
4.70 

(4.69) 
4.81 

(4.69) 
18.92 

(18.79) 
5.0 

(5) [(HL)Mn (OAc)2(H2O) 
].2H2O C21H28MnN2O11 Brown 538.93 87 60 46.88 

(46.75) 
5.30 

(5.19) 
5.42 

( 5.19) 
10.35 

(10.03) 
4.8 

(6) [(HL)Zn (OAc)2(H2O) 
].2H2O C21H28ZnN2O11 Brown 549.39 90 55 45.97 

(45.86) 
5.29 

(5.09) 
5.37 

(5.09) 
12.06 

(11.83) 
5.0 

(7) [(HL)Ni (OAc)2(H2O) 
].2H2O C21H28NiN2O11 

Light 
green 542.69 93 85 46.66 

(46.41) 
5.33 

(5.15) 
5.43 

(5.15) 
10.97 

(10.71) 
4.1 

(8) [(HL)Ca (OAc)2(H2O) 
].2H2O C21H28CaN2O11 Brown 524.07 81 71 48.26 

(48.08) 
5.55 

(5.34) 
5.64 

(5.34) 
7.86 

(7.63) 
6.7 

(9) [(HL)Cu (SO4) (H2O) 2 
].2H2O C17H24CuN2O12S Black 543.5 92 89 37.77 

(37.53) 
4.57 

(4.41) 
5.32 

(5.15) 
11.92 
(11.6) 

7.0 

(10) [(HL)Co (SO4) (H2O) 2 
].2H2O C17H24CoN2O12S Black 538.93 95 79 37.99 

(37.85) 
4.63 

(4.45) 
5.39 

(5.19) 
10.97 

(10.78) 
6.5 

(11) [(L)Fe (SO4) (H2O) 2 
].2H2O C17H24FeN2O12 S 

Light 
brown 535.93 99 86 38.28 

(38.06) 
4.61 

(4.47) 
5.44 

(5.22) 
10.51 

(10.28) 
6.8 

(12) [(HL)Mn(SO4) (H2O) 2 
].2H2O C17H24MnN2O12 S Black 534.93 82 81 38.35 

(38.13) 
4.71 

(4.48) 
5.48 

(5.23) 
10.46 

(10.11) 
6.2 

(13) [(HL)Ni (SO4) (H2O) 2 
].2H2O C17H24NiN2O12 S 

Dark 
brown 538.69 91 84 37.98 

(37.86) 
4.62 

(4.45) 
5.43 

(5.19) 
10.95 

(10.78) 
6.0 

(14) [(HL)Pb (SO4) (H2O) 2 
].2H2O C17H24PbN2O12S 

Dark 
brown 687.2 97 77 29.86 

(29.68) 
3.68 

(3.49) 
4.31 

(4.07) 
30.43 

(30.13) 
5.9 

(15) [(HL)Zn (SO4) (H2O) 2 
].2H2O C17H24ZnN2O12 S 

Brick 
red 545.39 86 88 37.55 

(37.43) 
4.71 

(4.41) 
5.41 

(5.13) 
12.13 

(11.92) 
6.1 

(16) [(HL)Mg (SO4) (H2O) 2 
].2H2O C17H24MgN2O12 S 

Light 
brown 504.31 75 70 40.84 

(40.45) 
4.91 

(4.75) 
5.74 

(5.55) 
4.98 

(4.76) 
4.6 

(17) [(HL)Cd(NO3)2  (H2O) ]. 
H2O C17H20CdN4O12 

Brick 
red 584.41 87 89 39.99 

(39.90) 
8.73 

(8.42) 
9.87 

(9.58) 
19.47 

(19.17) 
4.5 

(18) [(HL)Pb(NO3)2  (H2O) ]. 
H2O C17H20PbN4O12 orange 679.2 93 87 30.33 

(30.03) 
3.09 

(2.94) 
8.53 

(8.24) 
30.83 

(30.48) 
4.3 

(19) [(HL)Zn(NO3)2  (H2O) ]. 
H2O C17H20ZnN4O12 orange 537.39 80 68 37.99 

(37.96) 
3.89 

(3.72) 
10.66 

(10.42) 
12.39 
(12.1) 

4.8 

(20) [(HL)Pb(Cl)2  (H2O) 

].2H2O C17H22PbN2O7Cl2 
Light 
brown 644.10 85 83 31.86 

(31.67) 
3.62 

(3.41) 
4.63 

(4.34) 
32.55 

(32.14) 
4.5 

(21) [(HL)Sr(Cl)2  (H2O) 
].2H2O C17H22SrN2O7 Cl2 Brown 524.52 88 70 38.99 

(38.89) 
4.42 

(4.19) 
5.69 

(5.33) 
16.87 
(16.6) 

4.3 

 
* m (-1 cm2 mol-1) 
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         Complex(4)                                                     Complex(5) 

 
 
Complex(6)                                                     Complex(7) 
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Complex(8)                                                     Complex(9) 

  
Complex(10)                                                     Complex(11) 
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Complex(12)                                                                           Complex(13) 

  
Complex(14)                                                                           Complex(15) 
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Complex(16)                                                                           Complex(17) 

  
Complex(18)                                                                           Complex(19) 
 
 

 
 

Complex(20)                                                                           Complex(21) 
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Fig.(1): Suggested structures of the ligand and its metal complexes 

 
Fig.(2): Electromicroscopic diagram of complex (4) 

The Molar Conductivity 
The molar conductivities of 1 × 10−3 M solutions of the  complexes in DMSO at room 

temperature were found in the range 4.3-7.0 ohm−1 cm2 mol−1 indicating the non-electrolytic 
in nature of all complexes. These low values commensurate the coordination of the anions to 
the metal ions24-26. 
Mass Spectra of the Ligand [HL] and some of its metal complexes 

The mass spectrum of ligand [HL],(Table (2,a)) showed the molecular ion peak at 
m/z 312 amu, confirming its formula weight (F.W. 312).The mass fragmentation patterns 
observed at m/z = 52, 65, 77, 93, 121, 132, 200 and 312 amu correspond to C3H2N, C4H3N, 
C5H3N, C5H3NO, C6H3NO2, C6H14NO2, C9H16N2O3 and C17H16N2O4 moieties, respectively, 
supported the suggested structure of the ligand. 

Table (2,a): Mass spectrum of the ligand (1) 
Ligand m/z Rel. Int. Fragment 

 
 
 

(1) 

52 20 C3H2N 
65 55 C4H3N 
77 18 C5H3N 
93 15 C5H3NO 
121 76 C6H3NO2 
132 100 C6H14NO2 
200 18 C9H16N2O3 
312 15 C17H16N2O4 

The mass spectrum of complex (2) (Table (2,b)) showed the molecular ion peak at 
m/z 547 amu, confirming its formula weight (F.W. 547).The mass fragmentation patterns 



 Abdou Saad El-Tabl, et al., J. Chem. & Cheml. Sci. Vol.10(1), 32-64 (2020)  

45 

observed at m/z = 53, 60, 80, 93, 108, 121, 152, 192, 310, 326, 368, 439, 523 and 547 amu 
correspond to C3HO, C3H8O, C3H12O2, C4H13O2, C4H14NO2, C5H15NO2, C5H16N2O3, 
C8H20N2O3, C11H22N2O4Cu , C11H22N2O5Cu ,  C13H24N2O6Cu, C16H27N2O8Cu , C19H27N2O11Cu  
and C21H28N2O11Cu moieties, respectively, supported the suggested structure of the complex. 

Table (2,b): Mass spectrum of the complex (2) 
Complex m/z Rel. Int. Fragment 

 
 
 

(2) 
 
 
 
 

53 18 C3HO 
60 96 C3H8O 
80 27 C3H12O2 
93 20 C4H13O2 
108 51 C4H14NO2 
121 100 C5H15NO2 
152 39 C5H16N2O3 
192 27 C8H20N2O3 
310 25 C11H22N2O4Cu 
326 34 C11H22N2O5Cu 
368 38 C13H24N2O6Cu 
439 26 C16H27N2O8Cu 
523 25 C19H27N2O11Cu 
547 17 C21H28N2O11Cu 

However, the mass spectrum of the complex (19) (Table (2,c))  showed the molecular 
ion peak at m/z 537 amu, confirming its formula weight (F.W. 537).The mass fragmentation 
patterns observed at m/z = 54 ,66 ,80 ,92 ,108 ,121 ,133 ,150 ,163 ,192 ,236 ,279 ,300 ,319, 
402 ,456 ,480 ,507 and  537 amu correspond to C3H2O, C4H2O  , C4H2NO, C5H2NO, C5H2NO2, 
C6H3NO2, C7H3NO3, C7H4NO3, C8H5NO3, C8H6N3O3, C9H6N3O5, , C10H6N3O7, C10H11N3O8, 
C10H14N3O9, C10H16N3O10Zn, C12H16N4O11Zn, C14H16N4O11Zn, C16H19N4O11Zn and 
C17H20N4O12Zn moieties, respectively, supported the suggested structure of the complex. 

Table (2,c): Mass spectrum of the complex (19) 
Complex m/z Rel. Int. Fragment 

 
 
 

(19) 
 
 
 
 

54 19 C3H2O 
66 24 C4H2O 
80 43 C4H2NO 
92 22 C5H2NO 
108 100 C5H2NO2 
121 20 C6H3NO2 
133 33 C7H3NO3 
150 20 C7H4NO3 
163 23 C8H5NO3 
192 18 C8H6N3O3 
236 22 C9H6N3O5 
279 15 C10H6N3O7 
300 15 C10H11N3O8 
319 12 C10H14N3O9 
402 18 C10H16N3O10Zn 
456 16 C12H16N4O11Zn 
480 15 C14H16N4O11Zn 
507 12 C16H19N4O11Zn 
537 13 C17H20N4O12Zn 
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The mass spectrum of the complex (20) (Table (2,d)) showed the molecular ion peak 
at m/z 644 amu, confirming its formula weight (F.W. 644).The mass fragmentation patterns 
observed at m/z = 65, 80, 93, 108, 121, 150, 167, 192, 280, 349, 581, 608 and  644 amu 
correspond to C4OH, C4H2NO  , C5H3NO, C5H4N2O, C6H5N2O, C7H6N2O2, C7H7N2O3, 
C9H8N2O3, C9H9N2O4 CL2, C13H14N2O5CL2, C15H15N2O5CL2Pb, C17H18N2O5CL2Pb and 
C17H22N2O7 CL2 Pb moieties, respectively, supported the suggested structure of the complex. 
 

Table (2,d): Mass spectrum of the complex (20) 
Complex m/z Rel. Int. Fragment 

 
 
 

(20) 
 
 
 
 

65 25 C4OH 
80 35 C4H2NO 
93 28 C5H3NO 
108 100 C5H4N2O 
121 30 C6H5N2O 
150 24 C7H6N2O2 
167 18 C7H7N2O3 
192 23 C9H8N2O3 
280 17 C9H9N2O4 CL2 
349 14 C13H14N2O5 CL2 
581 15 C15H15N2O5 CL2 Pb 
608 13 C17H18N2O5 CL2 Pb 
644 12 C17H22N2O7 CL2 Pb 

 

IR Spectra 
          The IR spectra of the ligand (1)  showed a strong vibration band located at 1680 cm−1 
which assigned to the carbonyl ν(C=O) of the acetyl group , whereas the weak and broad bands 
which observed at 3367 and 3288 cm-1  are assigned to the stretching vibrations of the aromatic 
hydroxyl and ν(NH) groups. The broad bands appeared at 3560-3170 and 3160-2600 cm-1 

ranges are assigned to inter- and intramolecular hydrogen bondings27-31. These observations 
confirmed the presence of the ligand in the ketonic form in the solid state29-34. The spectrum of 
the ligand also showed bands at 1625 and 1605 which may be assigned to keto of amide 
ν(C=O) amide and  the azomethine group ν(C=N)32. By comparing the IR spectral data of the 
complexes with that of the free ligand. It is noted that, in all complexes the appearance of a new 
band in the range of 1601-1590 cm−1 which may be assigned to the C=N group and this band 
shifted to lower value confirming coordination of this group to the metal ion31. In the spectra 
of all complexes, the absorption frequency of amide carbonyl group ν(C=O) was shifted to 
lower frequency side and appeared in the region 1617-1605 cm−1 range with lowering its 
intensity confirmed the coordination of oxygen atom of amide ν(C=O) with the metal ions 
without undergoing enolization. Also, it was observed that, the presence of absorption band 
due to hydroxyl group which appeared in the spectra of complexes at 3475-3305 cm-1 range 
indicated that, this group is not coordinated to the metal ion Table 3 35. The appearance of new 
bands appeared in the ranges 626-605, and 565-505 cm−1 ranges for different complexes may 
be assigned to the ν(M–O), and ν(M←N), respectively30-37. These results confirmed that, the 
bonding of the ligand with the metal ions occurred via carbonyl oxygen of acetyl and amide 
groups and azomethine nitrogen atom38. In the case of acetate complexes (2)- (8) there are two 
new bands appeared in the 1445-1440 and 1318-1314 cm−1 ranges which are attributed to the 
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symmetric and asymmetric stretching vibration of the acetate group. The separation values (∆) 
between νasym(COO-) and νsym.(COO-) in these complexes suggesting the coordination of 
acetate group in as a  monodentate  fashion39,40. In the case of sulfate complexes (9)-(16) there 
are new bands appeared in the 1234-1231, 1164-1100 and 697-688 ranges for the complexes, 
respectively. These bands indicate that, the sulfate ion is coordinated to the metal ion. 
Complexes (17)-(19) show new bands in the ranges 1373-1369, 1235-1231, 805-800 and 698-
695 cm−1 indicating coordination of nitrate group to the metal ion in unidentate fashion38-42. In 
the case of chloride complexes (20) and (21) there are new bands appeared at 424 and 425 
cm−1 respectively suggesting the coordination of chloride group to metal ion. The appearance 
of broad bands in the ranges (3530-3200) and (3315-3080) cm−1 are due to hydrated or 
coordinated water molecules39-47. However, the hydrogen bondings appeared at (3573-3160) 
and (3210-2600) cm−1 ranges. The above results together with elemental analyses indicate that, 
the ligand behaved as neutral tridentate fashion bonded to the metal ions through carbonyl 
oxygen atoms of acetyl and amide and azomethine groups except Fe(III) complex(11), the 
ligand behaves monobasic tridentate manner. 

 
Table (3):- IR frequencies of the bands (cm-1) of the ligand (1) and its metal complexes 

 
No. ν(H2O) ν(OH) υ(H-

bonding) 
ν(C=O) 
Acetyl 

ν(C=N) ν(C-
OH) 

ν(C=O) 
Amide 

 

ν(NH) ν(Ar) ν(OAc)/SO4/ 
NO3) 

υ(M-
O) 

υ(M-
N) 

υ(M-Cl)

(1) - 3367 (3560-
3170) , 
(3160-
2600) 

1680 1605 1279 1625 3288 (1550,1511),  
(850, 748) 

- - - - 

(2) (3470-
3270) , 
(3260-
3100) 

3460 (3560-
3210) , 
(3200-
2750) 

1670 1595 1279 1607 3273 (1540, 1520), 
(851, 769) 

1442,1315 626 560 - 

(3) (3500-
3200) 

3470 (3560-
3160) , 
(3150-
2750) 

1670 1592 1235 - - (1541, 1518), 
(851, 768) 

- 625-
605 

560-
535 

- 

(4) (3460-
3290), 
(3240-
3110) 

3430 (3540-
3200), 
(3180-
2740) 

1671 1597 1280 1610 3270 (1538, 1518), 
(852, 768) 

1443-1315 618 561 - 

(5) (3465-
3280) , 
(3270-
3100) 

3450 (3555-
3210) , 
(3180-
2745) 

1676 1594 1279 1608 3268 (1539, 1519), 
(850, 767) 

1441-1316 621 559 - 

(6) (3472-
3275) , 
(3250, 
3095) 

3430 (3559-
3215) , 
(3200-
2755) 

1675 1593 1280 1609 3271 (1541-1521), 
(854, 765) 

1445-1317 623 562 - 

(7) (3450-
3280) , 
(3240-
3105) 

3475 (3550-
3220), 
(3190-
2760) 

1671 1598 1279 1606 3265 (1536, 1517), 
(852, 767) 

1440-1314 620 556 - 

(8) (3467-
3289) , 
(3255-
3080) 

3441 (3554-
3215) , 
(3205-
2775) 

1673 1592 1280 1605 3275 (1542, 1522), 
(853, 770) 

1444-1318 625 563 - 

(9) (3528-
3313) , 
(3300-
3105) 

3375 (3573-
3200) , 
(3190-
2777) 

1678 1600 1280 1614 3290 (1532, 1514), 
(851, 769) 

(1231,1159) , 
(1110,697) 

613 562 - 

(10) (3520-
3320) , 
(3310-
3115) 

3365 (3571-
3205) , 
(3195-
2782) 

1674 1601 1279 1612 3284 (1533, 1516), 
(849, 765) 

(1231,1162) 
,(1100,690) 

610 561 - 



 Abdou Saad El-Tabl, et al., J. Chem. & Cheml. Sci. Vol.10(1), 32-64 (2020)  

48 

(11) (3522-
3330 , 
(3290-
3100) 

3373 (3565-
3213) , 
(3210-
2770) 

1680 1598 1281 1616 3285 (1531, 1515), 
(851, 767) 

(1231,1163) , 
(1112,692) 

610 565 - 

(12) (3518-
3312) , 
(3295-
3090) 

3370 (3572-
3212) , 
(3210-
2785) 

1680 1598 1280 1615 3289 (1530, 1515), 
(850, 766) 

(1232,1164) , 
(1113,692) 

612 560 - 

(13) (3530-
3312) , 
(3300-
3110) 

3372 (3570-
3200) , 
(3195-
2780) 

1677 1596 1281 1613 3286 (1535, 1516), 
(849, 767) 

(1233,1161) , 
(1105,688) 

613 565 - 

(14) (3525-
3312), 
(3305-
3110) 

3368 (3568-
3215) , 
(3210-
2775) 

1679 1597 1279 1617 3288 (1529, 1512), 
(850, 767) 

(1232,1163) , 
(1111,692) 

612 563 - 

(15) (3520-
3310) , 
(3300-
3100) 

3370 (3570-
3210) , 
(3200-
2780) 

1677 1599 1280 1615 3287 (1530, 1515), 
(850, 766) 

(1232,1160) , 
(1108,692) 

612 564 - 

(16) (3523-
3315) , 
(3300-
3110) 

3366 (3571-
3215) , 
(3200-
2779) 

1681 1599 1282 1611 3285 (1530, 1515), 
(848, 768) 

(1234,1162) , 
(1113,693) 

614 562 - 

(17) (3505-
3315) 

,(3310-
3165) 

3310 (3508-
3185) , 
(3175-
2703) 

1680 1593 1280 1616 3253 (1533, 1514), 
(849, 767) 

(1370,1233) , 
(805,695) 

616 562 - 

(18) (3500-
3320) , 
(3310-
3170) 

3305 (3500-
3180) , 
(3170-
2700) 

1677 1590 1279 1615 3250 (1530,1515) , 
(851,768) 

(1369,1231) , 
(802,698) 

613 564 - 

(19) (3500-
3325) , 
(3315-
3175) 

3309 (3505-
3190) , 
(3180-
2705) 

1674 1592 1277 1614 3255 (1531,1518) , 
(852,769) 

(1373,1235) , 
(800,697) 

611 561 - 

(20) (3500-
3310) , 
(3300-
3170) 

3313 (3560-
3210) , 
(3200-
2700) 

1679 1597 1280 1613 3250 (1530,1512) , 
(850,768) 

- 614 505 424 

(21) (3505-
3305) , 
(3300-
3175) 

3315 (3555-
3215) , 
(3210-
2705) 

1680 1596 1281 1615 3255 (1532,1515) , 
(851,767) 

- 616 506 425 

 
 

 
Magnetic Moments 
 
           The magnetic moments of the metal complexes (2)-(21) at room temperatures are 
shown in Table 4. Cu(II) complexes (2), (3) and (9) show values in the 1.69-1.72 B.M range 
corresponding to one unpaired electron in the a d(x2-y2) ground state in an octahedral structure. 
The low values than 1.73 B.M is due to spin – spin interactions takeplace between Cu(II) 
ions43-48. Mn(II) complexes (5) and (12) show magnetic moment values equal 5.71 and 5.78 
B.M. These values are lower than high spin manganese (II) (d5). This phenomenon may be 
due to antiferromagnetic spin-spin interactions between Mn(II) ions through molecular 
association or hydrogen bondings45. Ni(II) complexes (7) and (13) show values equal to 
2.93and 3.11 B.M. The lowering in these values may be assigned to the interaction between 
the two nickel atoms via hydrogen bondings or molecular association43-49. The magnetic 
moment of Co(II) complex (10) equal to 4.75 B.M, indicating octahedral structure50-52. The 
Fe(III) complex (11) shows value 6.13 B.M indicating, octahedral Fe(III) complex43,45. Zn(II) 
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complexes (6), (15) and (19), Cd(II) complexes (4) and (17) and Ca(II) complex (8), Pb(II) 
complexes (14), (18), and (20), Sr(II) complex (21) and Mg(II) complexes (16) show 
diamagnetic property53-56. 
Electronic Spectra 
 
           The electronic spectral data for the ligand (1) and their metal complexes in DMSO  
are summarized in Table 4. The electronic absorption spectra of the ligand showed three bands 
located at 295, 315 and 335 nm respectively. The first one assigned to intraligand 
π→π*transition in the hydroxyl moiety which is nearly unchanged on complexation. The 
second and third bands may be assigned to n→π* and charge transfer transitions of the 
azomethine and carbonyl groups. The location of these bands was found to be shifted to higher 
energy on complexation. This finding indicated to the participation of these groups in bonding 
and coordination with metal ions28, 46. Copper(II) complexes (2), (3) and (9) show bands in the 
318-280, 475-450, 590-575 and 612-608 nm ranges, are assigned to intraligand transition 

O→Cu, charge transfer,2B1→2E and 2B1→2B2 transitions, indicating a distorted octahedral 

structure57-59.   Manganese(II) complexes (5) and (12) show bands at 283,308,315,460,580 and 
610 and 295,302,317,437,550,and 610 nm the first three bands are within the ligand and the 

other bands are corresponding to6A1g→4Eg,6A1g→4T2g and6A1g→4T1g transitions which are 
compatible to an octahedral geometry around the Mn(II) ions46,48. However, The electronic 
spectrum nickel(II) complexes(7) and (13) show bands at 288, 310, 320, 462, 570, 610 and 
740 nm and 288, 303, 317, 445, 575, 608 and 747 nm, which are assignable to intra ligand 

transition 3A2g (F) →  3T1g (p) (3), 3A2g (F) →  3T1g (F) (2) and 3A2g (F) →  3T1g (F) (1) transitions 
respectively, assuming the octahedral Ni(II) complexes54,55. The (ν2/ν1) ratio for the complexes 

are less than the usual value 1.6 indicating distorted octahedral Ni(II) complexes, the (ν2/ν1) 
value equal to 1.56 and 1.51, indicating distorted octahedral structure. The electronic spectrum 
of Co(II) complex(10) shows bands at 292, 305, 315, 435, 562 and 610 nm. The first three 
bands are within the ligand and indicating intraligand transition. However, the other bands are 

due to 4T1g (F)→4T2g (p), 4T1g (F) →4A2g (F), 4T1g (F) →4T2g (F), transition respectively, 
indicating distorted octahedral structure around the Co(II) ion60. Fe(III) complex(11) shows 
bands at 295,303,320,435,545 and 603 nm. The first three bands are within the ligand and the 
other bands indicating Fe(III) octahedral structure. Zn(II) complexes (6), (15) and (19) and 
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Ca(II) complex (8)  and Mg(II) complexes (16) and Cd(II) complexes (4), (17) and Pb(II) 
complexes (14),(18) and (20) and Sr(II) (21) complex show bands are due to intraligand 
transitions. 
Table (4):- The electronic absorption spectral bands (nm) and magnetic moments (B.M.) for the   
ligand  (1) and its complexes 
 

No. λmax
  (nm) eff in B.M. ν2/ν1 

 295nm (log  =3.98), 315 nm ( log  =4.25) 335(log  - - 
(2) 280,305,315,450,590,610 1.71 - 
(3) 285, 305, 318, 465, 580, 612 1.72 - 
(4) 290, 310, 320 Diamagnetic - 
(5) 283,308,315,460,580,610 5.71 - 
(6) 290, 112, 326 Diamagnetic - 
(7) 288, 310, 320, 462, 570, 610, 740 2.93 1.56 
(8) 297, 303, 328 Diamagnetic - 
(9) 287, 302, 318, 475, 575, 608 1.69 - 
(10) 292, 305, 315, 435, 562, 610 4.75 - 
(11) 295, 303, 320, 435, 545, 603 6.13 - 
(12) 295, 302, 317, 437, 550, 610 5.78 - 
(13) 288, 303, 317, 445, 575, 608, 747 3.11 1.51 
(14) 298, 305, 322 Diamagnetic - 
(15) 298, 306, 323 Diamagnetic - 
(16) 296, 305, 323 Diamagnetic - 
(17) 296, 305, 325 Diamagnetic - 
(18) 298, 305, 323 Diamagnetic - 
(19) 298, 305, 325 Diamagnetic - 
(20) 298, 305, 323 Diamagnetic - 
(21) 298, 305, 325 Diamagnetic - 

 
Electron Spin Resonance (ESR) 
 

The ESR spectral data for copper(II) complexes (2), (3) and (9) are presented in Table 5. 
The spectra of copper(II) complexes are characteristic of species d9

,
 configuration having axial 

type of a d(x2-y2) ground state which is the most common for copper(II) complexes. The 
complexes show g||>g┴>2.0023, indicating octahedral geometry around copper(II) ion. The g-
values are related by the expression G = (g||-2)/ (g┴ -2), 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. copper(II) 
Complexes show 2.00, 2.61 and 2.7 values indicating spin-exchange interactions takeplace 
between copper(II) ions. This phenomenon is further confirmed by the magnetic moments 
values Table 4. The g||/A|| value is also considered as a diagnostic term for stereochemistry, the 
g||/A|| values are 155.7, 147.3 and 182.5 which are expected for distorted octahedral 
complexes60-64. The g-values of the copper(II) complexes with a 2B1g ground state (g||>g┴) may 
be expressed by. 
g||=2.002 – (8K2

||/ΔExy)                                                                               (1) 
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g┴=2.002– (2K2
┴/ΔExz)                                                                               (2) 

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 2B1g→2B2g and 2B1g→2Eg. From the above relations, the 
orbital reduction factors (K||, K┴, K), which are measure terms for covalency, 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. 
K2

┴ = (g┴- 2.002) ΔExz /2o                                              (3) 
K2

|| = (g|| - 2.002) ΔExy /8o                                             (4)  
K2=(K2||+2K2

┴)/3                                                                                           (5)  
K values for the copper(II) complexes are indicating for a covalent bond character. Kivelson 
and Neiman noted that, for ionic environment g||≥2.3 and for a covalent environment g||<2.3. 
Theoretical work by Smith65 seems to confirm this view. The g-values reported here show 
considerable covalent bond character. Also, the in-plane σ-covalency parameter, α2(Cu) was 
calculated by 
α2(Cu)=(A||/0.036)+(g||-2.002)+3/7(g-2.002)+0.04                                        (6)           
The calculated values  suggest a covalent bonding38,56. The in-plane and out of- plane - bonding 
coefficients β1

2 and β2
2 respectively, are dependent upon the values of ΔExy and ΔExz in the 

following equations58. 
α2β2 = (g┴- 2.002) ΔExy/2o                                                                                                                    (7) 
α2β1

2 = (g|| - 2.002) ΔExz/8o                                                       (8) 
In this work, the complexes show β1

2 values indicating a moderate degree of covalency in the 
in-plane -bonding56,59. However, the β2 value for complexes indicating ionic character of the 
out-of-plane60-67. It is possible to calculate approximate orbital populations ford orbitals by 
A|| = Aiso – 2B[1 ± (7/4) Δg||] (Δg||= g- ge)                                       (9) 
a2

d
 =2B/ 2B°                                                                                                  (10)  

Where A° and 2B° is the calculated dipolar coupling for unit occupancy of d orbital 
respectively. When the data are analyzed, the components of the60 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 Table 5. These results can only 
occur for an orbital involving the d(x2-y2) atomic orbital on copper68-71. The value for 2B is quite 
normal for copper(II) complexes. The Aiso value was relatively small. The 2B value divided 
by 2Bo (The calculated dipolar coupling for unit occupancy of dx2-y2 (235.11 G), using equation 
(10) suggests all orbital population are 60, 66, and 57.2% d-orbital spin density, clearly the 
orbital of the unpaired electron is d(x2-y2). However, Mn(II) complexes (5) and (12), Co(II) 
complex (10) and Fe(III) complex (11) showed isotropic spectra with giso 2.13, 2.07, 2.12 and 
2.1 respectively, with covalent bond character71. 
 

Table (5):- The ESR data for metal (II), (III) complexes 
 

Complex g|| g⊥ a
giso 

A|| 
(G) 

A⊥ 
(G) 

b
Aiso 

cG ∆Exy 
(cm−1) 

∆Exz 
(cm−1) 

K 2 
⊥ K||

2
 K2 

K g||/A|| 
(cm−1) 

α2 β2 
β2

1
 ‑2β a2d 

(%) 
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(G) 
(2) 2.18 2.06 2.13 135 7.5 50 3 17241 21052 0.73 0.46 1.01 0.8 155.7 0.63 1.16 0.73 141     60 
(3) 2.21 2.08 2.12 150 15 60 2.6 17544 20833 0.98 0.55 0.84 0.91 147.3 0.69 1.42 0.8 154.4 66 
(5) - - 2.13 - - - - - - - - - - - - - - - - 
(9) 2.19 2.07 2.11 120 15 30 2.7 17391 21739 0.89 0.49 0.76 0.87 182.5 0.59 1.51 0.83 134 57.2 
(10) - - 2.12 - - - - - - - - - -         -  -  -     - - - 
(11) - - 2.1 - - - - - - - - - - - - - - - - 
(12) - - 2.07 - - - - - - - - - - - - - - - - 

Thermal Analyses (DTA and TGA) 
 

The thermal data of complexes (2), (7), (10), (11), (18), (19) and (20) are listed in 
Table 6. These complexes were introduced as representative examples. Thermogram of 
complex (2) showed decomposition in six steps, the first step involving breaking of H-
bondings accompanied with endothermic peak at 45 oC. In the second step, two molecules of 
hydrated water molecules were lost endothermically with peak at 80 oC accompanied by 6.1% 
(Calc 5.58%) weight loss. Loss of one coordinated water molecule was recorded in the third 
step as an endothermic peak at 145 oC with 4.21 (Calc. 3.94) weight loss. The 26.52% weight 
loss (Calc 26.91%) accompanied by an endothermic peak at 265-290oC range was assigned to 
loss of coordinated 2(OAc) group, whereas the endothermic peak observed at 330 oC refers to 
the melting point of the complex. The final step observed as exothermic peaks at 445,492,550 
and 610◦C with 23.0% weight loss (Calc 22.15%), refers to complete decomposition of the 
complex which exposed up with the formation of CuO72-78. The first step observed in the 
thermogram of complex (7) involves breaking of H-bondings accompanied with endothermic 
peak at 48oC. In the second step, two molecules of hydrated water were lost endothermically 
with peak at 65 accompanied by 6.96% (Calc 7.40%) weight loss. In the third step, two 
molecules of coordinated water molecules were lost endothermically with a peak at 160 oC 
accompanied by % 7.10 (Calc 7.34%) weight loss. The forth step involved loss of coordinated 
2(OAc) group accompanied with an endothermic peak at 285-300oC range with 18.63% (Calc. 
18.52%). while the endothermic peak appeared at 330 oC refers to the melting point of the 
complex. The final step observed at 470,515 and 580oC with 26.81% weight loss (Calc 
26.50%) as exothermic peaks, refers to complete oxidative decomposition of the complex 
which ended up with the formation of NiO. The first step observed in the thermogram of 
complex (10) involving breaking of H-bondings accompanied with endothermic peak at 48 oC.  
In the second step, two molecules of hydrated water were lost endothermically with peak at 
80 oC accompanied by 4.1% (Calc 4.31%) weight loss. Loss of one coordinated water molecule 
was recorded in the third step as an endothermic peak at 120 oC with 5.62 (Calc. 5.21) weight 
losses. The 31.22% weight loss (Calc 30.9%) accompanied by an endothermic peak appears 
at 265-282oC was assigned to loss of coordinated SO4 group whereas the endothermic peak 
observed at 330 oC refers to the melting point of the complex. The final step observed at 
425,480,530 and 600 oC with 31.4% weight loss (Calc 30.7%), refers to complete oxidative 
decomposition of the complex which exposed up with the formation of  CoO. The first step 
observed in the thermogram of complex (11) involving breaking of H-bondings accompanied 
with endothermic peak at 45 oC.  In the second step, two molecules of hydrated water were 
lost endothermically with peak at 80oC. Accompanied by % 4.25 (Calc 4.37%) weight loss. 
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The third step involved loss of two coordinated water molecules accompanied with an 
endothermic peak at 145oC with 9.32 (Calc. 9.15%). The 27.11% weight loss (Calc 26.85%) 
accompanied by an endothermic peak appears at 300oC was assigned to loss of one coordinated 
sulphate group (SO4), whereas the endothermic peak observed at 336 oC refers to the melting 
point of the complex. The final step observed at 475,540,585 and 610◦C with 30.23% weight 
loss (Calc 30.78%), refers to complete oxidative decomposition of the complex which exposed 
up with the formation of FeO. The first step observed in the thermogram of complex (18) 
involving breaking of H-bondings accompanied with endothermic peak at 46 oC.  In the second 
step, one molecule of hydrated water was lost endothermically with peak at 65oC accompanied 
by % 5.1 (Calc 4.9%) weight loss. The third step involved loss of one coordinated water 
molecule accompanied with an endothermic peak at 125oC with 5.3% (Calc. 5.16%). The 
20.82% weight loss (Calc 21.45%) accompanied by an endothermic peak appears at 225-
250oC range was assigned to loss of coordinated 2(NO3) group, whereas the endothermic peak 
observed at 335 oC refers to the melting point of the complex. The final step observed at 420, 
490, 530 and 585◦C with 13.0% weight loss (Calc 12.53%), refers to complete oxidative 
decomposition of the complex which exposed up with the formation of PbO. The first step 
observed in the thermogram of complex (19) involving breaking of H-bondings accompanied 
with endothermic peak at 45 oC.  In the second step, one molecule of hydrated water was lost 
endothermically with peak at 80oC accompanied by  6.1% (Calc 5.58%) weight loss. The third 
step involved loss of one coordinated water molecule accompanied with an endothermic peak 
at 145oC with 4.21(Calc. 3.94%). The 26.52% weight loss (Calc 26.91%) accompanied by an 
endothermic peak appears at 265-290oC range was assigned to loss of coordinated 2(NO3) 
group, whereas the endothermic peak observed at 330 oC refers to the melting point of the 
complex. The final step observed at 445,492,550 and 610◦C with 19.2% weight loss (Calc 
18.50%), refers to complete oxidative decomposition of the complex which exposed up with 
the formation of ZnO. The first step observed in the thermogram of complex (20) involving 
breaking of H-bondings accompanied with endothermic peak at 48 oC.  In the second step, two 
molecules of hydrated water were lost endothermically with peak at 75oC accompanied by % 
6.85 (Calc 6.56%) weight loss. The third step involved loss of one coordinated water molecule 
accompanied with an endothermic peak at 150oC with 7.10 (Calc. 7.34%). The 22.2% weight 
loss (Calc 21.14%) accompanied by an endothermic peak appears at 285-300oC range was 
assigned to loss of coordinated 2(Cl) group, whereas the endothermic peak observed at 330 oC 
refers to the melting point of the complex. The final step observed at 470,515 and 580◦C with 
18.95% weight loss (Calc 18.52%), refers to complete oxidative decomposition of the complex 
which exposed up with the formation of PbO72-78. 
 

Table (6): Thermal analyses for some metal (II) complexes 
 

Compound 

No. 

Temp. 
(oC) 

DTA (peak)        TGA (Wt.loss %) 
Assignments Endo       Exo       Calc         Found 
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Molecular 

formula 

 
Complex(2) 

 
 

45 endo - - - Broken of H-bondings 
80 endo - 5.58 6.1 Loss of (2H2O) hydrated water molecules 

145 endo - 3.94 4.21 Loss of (H2O) coordinated water 
molecule 

265,290 endo - 26.91 26.52 Loss of coordinated  2(OAc) group 
330 endo - - - Melting point 

445,492,550,610 - exo 22.15 23.0 Decomposition process with the 
formation of (CuO) 

 
 

Complex(7) 
 

48 endo - - - Broken of H-bondings 
65 endo - 7.40 6.96 Loss of (2H2O) hydrated water molecule 

160 endo - 7.34 7.10 Loss of (2H2O) coordinated water 
molecules 

285,300 endo - 18.52 18.63 Loss of coordinated  2(OAc) group 
330 endo - - - Melting point 

470,515,580 - exo 26.50 26.81 Decomposition process with the 
formation of (NiO) 

 

Complex(10) 
 

48 endo - -     - Broken of H-bondings 
80 endo - 4.31 4.1 Loss of (2H2O) hydrated water molecule 

120 endo - 5.21 5.62 Loss of (H2O) coordinated water 
molecule 

265,282 endo  30.9 31.22 Loss of coordinated  SO4 group 
330 endo - - - Melting point 

425,480,530,600 - exo 30.7 31.4 Decomposition process with the 
formation of (CoO) 

Complex(11) 
 

45 endo - - -     Broken of H-bondings 
80 endo - 4.37 4.25 Loss of (2H2O) hydrated water molecule 

145 endo - 9.15 9.32 Loss of (2H2O) coordinated water 
molecule 

300 endo - 26.85 27.11   Loss of coordinated (SO4) group 
336 endo - - - Melting point 

475,540,585,610 - exo 30.78 30.23 Decomposition process with the 
formation of FeO 

Complex(18) 
 

46 endo - -    - Broken of H-bondings 
65 endo - 4.9 5.1 Loss of (H2O) hydrated water molecule 

125 endo - 5.16 5.3 Loss of (H2O) coordinated water 
molecule 

225,250 endo - 21.45 20.82     Loss of coordinated 2(NO3) group 
335 endo - - - Melting point 

420,490,530,585 - exo 12.53 13.0 Decomposition process with the 
formation of (pbO) 

 

 
Complex(19) 

 
 

45 endo - - - Broken of H-bondings 
80 endo - 5.58 6.1 Loss of (H2O) hydrated water molecule 

145 endo - 3.94 4.21 Loss of (H2O) coordinated water 
molecule 

265,290 endo - 26.91 26.52 Loss of coordinated  2(NO3) group 
330 endo - - - Melting point 

445,492,550,610 - exo 18.50 19.2 Decomposition process with the 
formation of (ZnO) 

 
 

Complex(20) 
 

48 endo - - - Broken of H-bondings 

75 endo - 6.56 6.85 Loss of 2 (H2O) hydrated water 
molecules 

150 endo - 7.34 7.10 Loss of (H2O) coordinated water 
molecules 

285,300 endo - 21.14 22.2 Loss of coordinated 2(Cl) group 
330 endo - - - Melting point 

470,515,580 - exo 18.52 18.95 Decomposition process with the 
formation of  pbO 
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Antimicrobial activity  
 

In vitro biological screening tests of the ligand (1) and its metal complexes (2), (4), 
(7), (9), (10) and (19) carried out as antibacterial and antifungal activity (figures 3-7). The 
antibacterial activity was tested against two bacterial strains; Gram-positive Staphylococcus 
aureus as well as Gram-negative Escherichia coli strains79-83. The results compared with 
standard drugs (Ampicllin (Gram positive) and Amphotericin B (Gram negative). The 
complexes were also subjected to antifungal activity against Aspergillus flavus and Candida 
albicans. The data indicated that, using low concentration against microbes, paracetamol and 
ligand no effect was observed. however, the complexes show moderate to high effect, the order 
for  Gram positive is (4)>(10)>standard>(7)>(9)>(2)>(19)>paracetamol = ligand and Gram 
negative  is (4)> standard>(10)>(7)>(9)>(2)>(19)> paracetamol=ligand and Aspergillus flavus 
is (4)>standard> paracetamol=ligand=(2) =(7)=(9)= (10)=(19) and Candida albicans is 
(4)>standard> (7)>(10)>(9)>(2)> paracetamol=ligand=(19). In case of high concentation, the 
order of activity for Gram positive is (4)>standard>ligand>paracetamol and for Gram negative 
(4)>standard>ligand>paracetamol and for Aspergillus flavus is 4)>standard> ligand= 
paracetamol and for Candida albicans is (4)>standard>ligand>paracetamol. Invivo studies 
show no side effect was observed for all organs tested. The major groups of antibiotics that 
are currently in use have three microbial targets: the cell wall synthesis, translational 
machinery and DNA replication machinery. Unfortunately, microbial resistance can develope 
against each of these modes of action. Most of the antibiotic resistance mechanisms are 
irrelevant for nanoparticles (NPs) because the mode of action of NPs is direct contact with the 
microbial cell wall without the need to penetrate the cell. This raises the hope that NPs would 
be less prone to promote resistance in microbes than antibiotics. Most microbes exist in the 
form of a biofilm which often contains diverse species that interact with each other and their 
environment. Biofilms are specifically microbial aggregates that rely on a solid surface and 
extracellular products, such as extracellular polymeric substances (EPSs).Microbes move 
reversibly onto the surface but the expression of EPSs renders the attachment irreversible. 
Once the microbes settled, synthesis of the microbial flagellum is inhibited and the microbes 
multiply rapidly resulting in the development of a mature biofilm. At this stage, the microbes 
are stuck together, forming a barrier that can resist antibiotics and provide a source of systemic 
chronic infections, thus, biofilm are a serious health threat. Nano materials are materials that 
have at least one dimension (1-100nm) in the nanometer scale. NPs have demonstrated broad-
spectrum antimicrobial properties. The antimicrobial mechanism of action of NPs is generally 
described as adhering to one of three models: oxidative stress induction, metal ion release, or 
non-oxidative mechanism. These three types of mechanisms can occur simultaneously. Nano 
Cd(II) complex (4) shows higher activity compared with the standard and other complexes. It 
may be Cd(II) complex prompt neutralization of the surface electric charge of the microbial 
membrane and change its penetrability, ultimately leading to microbial death84-94. In vitro 
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antibacterial and antifungal activity of the ligand, paracetamol and complex(4) and also other 
complexes are shown in tables (7)and (8). 
 
Table (7) In vitro antibacterial and antifungal activity of the ligand, paracetamol and complex(4) 
 

 Escherichia coli(G-) Staphylococcus aureus(G+) Aspergillus flavus Candida 
Ampicillin Antibacterial agent 24 21 0 0 

Amphotericin B 0 0 17 21 
Control: DMSO 0 0 0 0 

Paracetamol 9 0 0 0 
ligand(1) 13 13 0 13 

Cd acetate (4) 33 29 33 27 

 
Fig.(3) In vitro antibacterial and antifungal activity of the ligand, paracetamol and complex(4) 

 

 
Fig.(4) In vitro antibacterial and antifungal activity of the ligand and Paracetamol 

 

 
Fig.(5) In vitro antibacterial and antifungal activity of complex (4) 
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            Table (8): In vitro antibacterial and antifungal activity of some metal complexes 

 
Fig.(6) In vitro antibacterial and antifungal activity of some metal complexes 

 

 Escherichia coli(G-) Staphylococcus aureus(G+) Aspergillus flavus Candida 
Control: DMSO 0 0 0 0 

Ampicillin Antibacterial agent 24 21 0 0 
Amphotericin B 0 0 17 21 

Paracetamol 0 0 0 0 
ligand (1) 0 0 0 0 

Cu acetate (2) 13 14 0 9 
Cd acetate (4) 25 25 25 22 
Ni acetate (7) 15 16 0 20 

Cu sulphate (9) 14 15 0 10 
Co sulphate (10) 20 22 0 13 
Zn nitrate (19) 10 10 0 0 
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Fig.(7) In vitro antibacterial and antifungal activity of some metal complexes 
 
CONCLUSION 
 

Modified paracetamol and its metal complexes have been prepared and 
spectroscopically characterized using IR, UV-VIS, 1H-NMR and ESR spectra as well as 
elemental, magnetic, conductivity, electron microscope and thermal analyses. 
Antimicrobial activity of the prepared compounds has been studied. The results show 
that, some compounds can be used as antibiotics against all types of bacteria and fungi 
tested without any side effect. 
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