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Summary: The chelates of divalent Co, Ni, Cu and Zn with some 3-methyl-

4-(arylhydrazono)-5-pyrazolones  have been isolated and characterized. 

These complexes were subjected to elemental analysis, UV spectra in nujol 

mulls, IR spectral studies, magnetic moment, thermogravimetric analysis and 
1H-NMR spectra. The data revealed the formation of 1:1 and 1:2 (M:L) 

chelates.

Introduction

The chemistry of pyrazole–5-ones and its derivatives has attracted 

considerable attention of coordination chemists by virtue of their applicability 

as potential ligands for a large number of metal ions. The complexes of 

Co(II) with some pyrazolones have been prepared and investigated through 

elemental analysis, magnetic measurements and spectral studies(1). Some 

planar and octahedral complexes of sulphate of Cu(II) and Ni(II) were 

prepared, the data show the formation of 1:1 (M:L) complexes and the 

coordination occurs through the carbonyl and azo groups of the ligand(2). 

Square planar Pd(II) and octahedral Pt(IV) and Rh(III)  diamagnetic 

complexes were proposed from IR, magnetic and electronic spectral data. The 

absorption and fluorescence spectra of some arylazopyrazolone dyes were 

investigated. The emission was assigned to their hydrazone form. The 

complexes of CoL2 with some phenylazo-pyrazolones were prepared and 

characterized by chemical analysis, magnetic moment measurement and 

electronic spectra(3). The chelates of Mn(II), Fe(III), Zr(IV), Pd(II) and Ag(I) 

with some phenylazo-pyrazoline-5-one were prepared and characterized by 

IR, UV-visible spectra and conductance measurements(4).The complexes of 
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Cu(II) with arylazopyrazolones were prepared and characterized by magnetic 

and electronic spectra(5). The acid dissociation constants of two arylazo-5-

pyrazolones and the stability constants of their chelates with some divalent 

metal ions were determined potentiometrically. The structure of the 

arylhydrazopyrazolones was studied by IR and 1H-NMR spectra which 

indicate the quinone hydrazo form rather than the hydroxyazo or Zwitter ion 

structure(6). The IR spectra, magnetic moments, molar conductance and 

electronic spectra of the Ni(II) mixed ligand complexes of 5-pyrazolone 

derivatives, viz., 3-methyl-5-pyrazolone (MP) and 3-methyl-1-phenyl-5-

pyrazolone (MPHP) with bis-(acetoacetanilido) were studied(7). 

Experimental

To about 10 ml of aniline or aniline derivatives (B = 12.8 g, C = 17.2 g, 

D = 10.7 g, E = 12.3 g, F = 10.9 g and G = 21.7 g) in 1:1 HCl (75 ml), add

 a cold solution of sodium nitrite (0.1 M) [6.90 g in 25 ml bidistilled water] at 

0-5 C with continuous stirring for 30 minutes. The diazonium salt solution 

formed was added gradually with efficient stirring to a cold solution of ethyl-

acetoacetate [12.74 ml in 75 ml ethanol] (0.1 mole in ethanol) in the presence 

of sodium acetate [8.203 g in 20 ml bidistilled water] (0.1 M). The 

precipitated products was left overnight in refrigerator, filtered, dried, 

crystallized from ethanol and the melting point was determined, then refluxed 

with hydrazine hydrate (1:1 mole) for about two hours on a water bath. The 

precipitated 4-arylhydrazono-3-methyl-5-pyrazolones were filtered and 

recrystallised from ethanol(8). The purity of the dyes was tested by elemental 

analysis for C, H, N. 

The 4-arylhydrazono-3-methyl-5-pyrazolones (I) prepared have the general 

formula:

Where [x = H(A), p-Cl(B), p-Br(C), p-CH3(D), p-OCH3(E), p-OH(F) and p-

AsO3H2(G)].  The Co(II), Ni(II), Cu(II) and Zn(II) chelates were prepared by 

mixing saturated solutions of the metals with the equivalent amount of 
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ligands to form the 1:1 or 1:2 complexes. The solid chelates separated by 

reflux for two hours, are filtered off and washed several times with water-

alcohol mixture untill the filtrate becomes colourless.  The obtained 

complexes were kept in a vacuum disiccator.  All the complexes were 

subjected to elemental analysis.

The solid material was mixed in an agate mortar with Nujol mull for 10 

minutes and from this mixture a transparent window was made using 

Whatman No.1 filter paper strips. In each run, a reference window prepared 

without material was used to compensate light scattering. The spectra were 

then recorded using both spectrometer Lambda 20 Perkin Elmer and specord 

200 Carl Zeiss.

The spectral measurements of the complexes include IR (using 

Schimadzu 8201 PC FTIR spectrometer) and 1H-NMR (using Varian-Gemini 

200-200 MHz NMR). The TG and DTA analysis of the complexes were 

made from room temperature to 1000 C in a rate of 10 C per minute (using 

Shimadzu-50 Thermal Analyzer).

All chemicals used in the present investigation were of B.D.H. grade.

Results and Discussion

The results of elemental analysis of Co(II), Ni(II), Cu(II) and Zn(II)-

hydrazone chelates are recorded in Table (1) which are in good agreement 

with the suggested molecular formulae.

The UV spectra of the ligands (A-G) were measured in Nujol. The 

ligands show the first broad band located within the range 227-281 nm that 

can be assigned to the -* type transitions within the aromatic ring. The 

second band at 326-339 nm can be assigned to the -* type transitions 
Table(1): Elemental analysis data for Co, Ni, Cu and Zn complexes with ligands(A-G)

Metal Formula C% H% N% M%
Calc F Calc F  Calc F Calc  F

Complexes with (A)
Co(1:1) [Co(C10H10N4O)(OH)(H2O)].H2O 38.46 38.90 4.17 4.20 17.94 18.24 18.88 18.38
Co(1:2) [Co(C10H10N4O)2 (H2O)2].H2O 46.60 47.10 4.66 4.30 21.74 21.54 11.44 11.07



86

Egypt. J. Anal. Chem., Vol. 16 (2007)

Zn(1:2) [Zn(C10H10N4O)2].2H2O 47.68 47.40 4.37 4.20 22.25 21.90 12.99 12.81
 Complexes with (B)
Co(1:!) [Co(C10H9ClN4O) (OH) (H2O)]. 36.55 36.90 3.05 3.30 17.05 17.40 17.94 17.64
Co(1:2)  [Co(C10H9ClN4O)2]2 (H2O)2]. 42.40 41.90 3.55 3.40 19.80 19.68 10.41 10.13
Ni(1:2) [Ni(C10H9ClN4O)2]2 H2O. 42.43 42.70 3.54 3.80 19.80 19.44 10.38 10.10
Cu(1:2) [Cu (C10H9ClN4O)2].2H2O 42.07 41.86 3.50 3.76 19.63 19.43 11.13 10.92
Zn(1:2) [Zn(C10H9ClN4O)2].2H2O. 41.92 41.50 3.50 3.90 19.57 19.30 11.43 11.25
Complexes with ©
Co(1:1) [Co(C10H9BrN4O) (OH) (H2O)]. 32.20 32.48 3.00 3.20 15.02 15.60 15.80 15.55
Co(1:2) [Co(C10H9BrN4O)2 (H2O)2]. 36.66  37.10 3.05 3.30 17.10 16.90 9.00 8.72
Ni(1:1) [Ni(C10H9BrN4O) (OH) 

(H2O)]H2O.
30.72 30.50 3.07 3.20 14.34 14.60 15.03 14.79

Cu(1:1) [Cu(C10H9BrN4O) (OH) 
(H2O)]H2O.

31.97 32.10 2.66 2.80 14.91 14.80 16.92 16.76

Cu(1:2) [Cu(C10H9BrN4O)2] 38.50 39.00 2.57 2.80 17.97 17.60 10.19 9.90
Zn(1:2) [Zn(C10H9BrN4O)2] .2H2O 36.30 35.90 3.02 3.00 16.95 17.10 9.89 9.42
Complexes with (D)
Zn(1:2) [Zn(C11H12N4O)2]. 2H2O 48.05 47.90 5.10 4.88 20.39 20.12 11.90 11.51
Complexes with (E)
Ni(1:2) [Ni(C11H12N4O2)2]. 50.70 49.90 4.23 4.30 21.51 21.30 11.27 11.04
Cu(1:2) [Cu(C11H12N4O2)2]. 50.24 49.80 4.19 4.40 21.31 21.10 12.08 11.94
Zn(1:2) [Zn(C11H12N4O2)2]. 50.06 49.60 4.17 4.20 21.24 20.24 20.90 12.30
12.3Complexes with (f)
Co(I:1) [Co(C10H10N4O2)(OH) 

(H2O)].2H2O
34.58 34.80 4.60 4.35 16.14 16.40 16.91 17.19

Co(1:2) [Co(C10H10N4O2)2(H2O)2].2H2O 42.48 42.10 4.60 4.20 19.82 19.50 10.40 10.13
Ni(1:1) [Ni(C10H10N4O2)(OH) 

(H2O)].2H2O
34.60 35.70 4.60 4.50 16.15 16.40 16.93 16.90

Ni(1:2) [Ni(C10H10N4O2)2].2H2O 45.40 45.20 4.16 4.40 21.18 20.98 11.10 11.04
Cu(1:1) [Cu(C10H10N4O2)(OH) (H2O)2]. 

H2O
36.00 36.30 4.20 4.10 16.79 16.20 19.04 18.88

Cu(1:2) [Cu(C10H10N4O2)2].5H2O 40.85 40.55 4.76 4.60 19.06 18.60 10.80 10.40
Zn(1:2) [Cu(C10H10N4O2)2].4H2O 42.00 42.00 4.55 4.30 19.60 19.80 11.45 11.25
Complexes with (G)
Co(1:1) [Co(C10H11AsN4O4)(OH) (H2O)]. 

H2O
27.47 27.90 3.43 3.60 12.82 12.60 13.48 13.19

Co(1:2)  [Co(C10H11AsN4O4)2 (H2O)2]. 
H2O

31.47 31.30 3.40 3.70 14.68 14.30 7.72 7.30

Ni(1:1) [Ni(C10H11AsN4O4)(OH) (H2O)]. 
3H2O

25.39 25.30 4.02 4.40 11.85 12.30 12.42 12.21

Cu(1:2) [Cu(C10H11AsN4O4)2].2H2O 32.04 32.40 3.20 3.70 14.95 15.10 8.47 8.13
Zn(1:1) [Zn(C10H11AsN4O4)(OH) 

(H2O)].2H2O
27.07 27.60 3.38 3.40 12.63 12.50 14.75 14.65

Zn(1:2) [Cu(C10H11AsN4O4)2] 2H2O 31.95 32.10 3.19 3.20 14.90 14.60 8.71 8.37

within the heterocyclic ring. The third band at 375-380 nm can be 

assigned to -* type transitions of carbonyl group and anil group influenced 

by charge transfer from the arylhydrazone system. The fourth broad band at 

409-414 nm can be assigned to charge transfer transition influenced by keto-

enol tautomerism.

The electronic absorption spectra of complexes are studied using nujol 

as solvent, The intense band in the spectra of ligand C in the region 
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(326-339 nm) is replaced by two more complicated bands (near 330 and 355 

nm) of varying intensities in its Cu(II) complexes. The bands located at the 

range of 375-380 nm in ligands are still observed in the same position on 

complex formation. This is attributed to the steady mode of the carbonyl 

group interaction during the process of the complex formation. The band of 

the ligand becomes broader in the range of 400-425 nm during complex 

formation, the intensity of this broad band increases measurably on going 

from Co2+ to Cu2+ complexes this is attributed to the perturbation of the -

electron system of the ligand during the complex formation process. The new 

band observed in the range of 445-625 nm is attributed to d-d transition of 

metal complexes.

The values of magnetic moment of Co(II), Ni(II), Cu(II) and Zn(II) 

chelates with ligands (A-G) are measured. The chelates of Co(II) 1:1 (M:L) 

have their magnetic moments in the range of 4.07- 4.70 B.M suggesting 

tetrahedral structure1, while the other Co(II) chelates 1:2 (M:L) have their 

magnetic moments in the range of 5.10- 5.16 B.M suggesting octahedral 

structure. The chelates of Ni(II) have magnetic moments in the range of 3.83- 

3.94 B.M suggesting tetrahedral structure(9). The chelates of Cu(II) have their 

magnetic moments in the range of 1.73- 1.78 B.M indicating the presence of 

odd electron in the electronic configuration of Cu(II), consistent with a square 

planar geometry(10). A presumably tetrahedral geometry is suggested for 

Zn(II) chelates. The diamagnetic nature support this assumption(11).

The IR spectra of the ligands and their chelates Fig. (1) have been 

recorded over the range 4000-400 cm-1 to elucidate their molecular structures 

and to find the coordination sites involved in chelation.
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Fig.(1): Infrared spectra of Co, Ni, Cu, and Zn complexes with 3-methyl-4-

(p-hydroxyphenylhydrazone)-5-pyrazolone (F).

The IR spectra of free ligands show a very broad band in the wave 

number range 3450-3280 cm-1 which is assigned to the OH stretching 

vibration. On complexation this band is shifted to lower wave number and in 

some cases is shifted to higher wave number due to the participation of the 

OH group in chelation with the metal ion.

The IR spectra of the free ligands show a strong band in the wave 

number range 1668-1660 cm-1 assigned to the carbonyl stretching vibration. 

On complexation this band is shifted to 1660-1600 cm-1 (A-F) and 1676-1645 

cm-1 (G), and in some cases the band disappeared during complexation. This 

shows that the oxygen of the carbonyl group is coordinated to the metal ion.

The IR spectra of the free ligands show broad band in the wave 

number range 3282-3132 cm-1 assigned to the N-H stretching vibration. On 

complexation this band is shifted to 3260-3044 cm-1, and in some cases the 

band disappeared during complexation, this shows that this group is 

participating in the complex formation reaction.
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The O-H group vibration of F (p-OH) is excluded from discussion, 

since the O-H group in the para-position does not participate in chelation due 

to geometrical consideration. These infrared data thus support the bidentate 

nature of the ligands which are coordinated to the metal ion through the 

oxygen atom of the carbonyl and N of hydrazo NH groups. This participation 

is also confirmed by the appearance of new bands in the spectrum of the 

complexes at 602-538 cm-1 and 509-430cm-1 which are assigned to the M-N 

and M-O stretching frequencies respectively 1.

The 1H-NMR is a complementary technique to the IR approach for 

elucidating the molecular structure of an organic ligand and its chelates. The 

NMR spectrum of the ligands [A-G] is shown in Fig. (2). The 1H-NMR 

spectra of all ligands exhibit a signal at 2.2 ppm which assigned to the CH3 

protons of the solvent and a signal in the 2.5-3.8 ppm assigned to the aliphatic 

CH3 group in position 3 of the ligand moiety. The multiplet signal observed 

at 6.8-7.5 ppm is assigned to the aromatic protons. The signal observed at 

11.5 ppm is assigned to the hydrazone NH proton. The disappearance of the 

NH signal on deuteration confirms that it is ionizable proton. The 1H-NMR 

spectra of some of the prepared solid chelates of zinc are examined to find the 

exact sites of coordination between the metal ions and the ligands. The 

spectra of the examined chelates show the disappearance of the signal of the 

hydrazone NH group due to masking by the overlying the intense band of the 

solvent (TFA) at 11.5 ppm indicating that the chelation occurs through 

bonding of the metal ion with N of the NH (after the ionization of the NH 

group) and oxygen atom of the carbonyl group in position 5. In the spectra of 

the investigated chelates, the ligands act as dibasic ligands (H2L) on 

complexation with Zn(II) ion [1:2 (M:L) chelates]. The spectra of all 

complexes show the appearance of a new signal at 4.9-5.1 ppm representing 

the hydrated water molecules involved in chelation.
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Fig. (2): 1H-NMR spectra of 3-methyl-4-(p-methoxyphenylhydrazone)-5-

pyrazolone

The TG and DTA analyses of some of the complexes under 

investigation were performed using Shimadzu TG-50H and Shimadzu 50 

DTA in which 2-5 mg of the powdered sample was heated by heating rate  of   

10 oC min-1, from the ambient temperature up to 1000 oC with -Al2O3 as a 

reference(12).  The weight loss for each chelate was calculated within the 

temperature range at which the hydrated water molecules were expelled. The 

experimentally found and calculated mass losses are listed in Table (2) The 

found mass loss calculations were based on thermogravimetric analysis and 

the calculated mass losses were calculated using the results of micro chemical 

analysis of these complexes. The initial weight loss occurring within the 

temperature range 80-140 oC is interpreted as a loss of moisture and 
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Table (2) : Themogravimetric analysis results of solid chelates of some of the metal complexes under investigation

Complex M:L

Hygroscopic water Coordinated water % of metallicresidue

Temp                 Weight Loss        No.of Temp Weight Loss             
No.of

Up to                        %                  Water.  Up to              % Water
ºC       .        Calc            F.         molecul ºC Calc.                 F. molecul       Calc.                       F

Co-A (1:1)

[Co(C10H10N4O) (OH) (H2O)]. H2O 130 5.77 5.20 1 130-300 5.91 6.36 1 24.00 24.85

Co-B.(1:1)

[Co(C10H9Cl N4O) (OH) (H2O)] 100 ------ ------ ------ 100-300 5.48 4.90 1 22.80 23.20

Co-C.(1:1)

[Co(C10H9Br N4O) (OH) (H2O)] 80 ------ ------ ------- 80-275 4.83 4.20 1 20.10 20.70

Ni-C. (1:1)

[Ni(C10H9Br N4O) (OH) (H2O)].H2O 90 4.61 4.40 1 90-206 4.83 4.60 1 19.12 19.86

Zn-E.(1:2)

[Zn(C11H12N4O2)]. 90 ------- ----- ----- 90-210 -------- ------ ------- 15.43 16.10

Ni-F.(1:2)

[Ni(C10H10N4O2)2]. 2H2O 84 6.81 6.87 2 158-246 -------- ------- --------- 14.13 14.64

Cu-F. (1:1)
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[Cu(C10H10N4O2)(OH) (H2O)]. H2O 118 5.40 5.65 1 118-235 11.40 10.90 1 23.84 24.30
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hygroscopic water during the drying of the complexes whereas that at 140-

300 oC is due to the coordinated water in the chelate. DTA curves show two 

exothermic bands at temperature range 375-500 oC due to combustion of the 

organic residue (decarbonization), the presence of two signals indicates the 

stepwise combustion of the complexes and formation of the intermediates 

which are not observed in the TG curves leading mostly to formation of 

carbonate salts(13). The exothermic broads band above 550 oC may be to the 

formation of metal oxide from the previously formed carbonates.

Based on the above results, it can be concluded that in the 1:1 and 1:2 (M:L) 

chelates, the ligands (A-G) act as bidentate through N of the hydrazo NH and 

oxygen atom of the carbonyl group giving a suitable chelating compounds. 

The charges on the metal ions were neutralized either by releasing of the 

ionizable protons of the ligands or by bonding with OH- (in case of 1:1 only) 

and the coordination numbers were completed by water molecules [i.e. two 

coordination numbers are satisfied from the ligand and the other from 

solution ].

Coordination number 4 [for Co(II), Ni(II), Cu(II) and Zn(II) 1:1 and 1:2 

(M:L) chelates] and coordination number 6[for Co(II) 1:2 (M:L) chelate only]

were suggested 

The structure of the 1:1 (M:L) chelates is suggested to be:
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The structure of the 1:2 (M:L) chelates is suggested to be:
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