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Abstract: 

Metal complexes formed through the reaction of carbohydrazide and 
some of it’s arylidene derivatives with cobalt (II), nickel (II) and copper (II) 
ions were prepared and characterized by elemental analysis, conductance 
measurements, TGA, IR, electronic absorption spectra, X-ray diffraction, The 
carbohydrazide and it’s derivatives coordinate as mono anion tridentate or 
neutral bidentate ligands. The coordination bond length was determined. The 
results indicate the higher affinity of metal ions to oxygen than nitrogen. The 
solid state electrical conductivity of  selected complexes was also reported. 

Introduction 
Hydrazides, of organic acids have found wide application as 

pharmaceutical agents[1] and in industry [2,3]. The biological activity of the 
compounds is mainly dependent on their molecular structure.  The 
biological and technical importance of hydrazides is generally based on their 
ability to form stable metal chelates [4-20]. Also hydrazides of organic acids 
were found to exhibit antimalarial activity [21] and their chelates could have 
fungicidal effects [22]. In view of the biological significance and diverse 
coordinating behaviour of  hydrazides as well as the semiconducting 
properties of some first row transition elements which found to depend on 
the structure of the complex, it was considered worthwhile to prepare and 
study some of these compounds. 

The aim of the present article is to prepare and characterize cobalt (II), 
nickel (II) and copper (II) complexes with carbohydrazide and some of it’s 
arylidene derivatives. Elemental analysis, conductance measurements, TGA, 
magnetic measurements as well as spectroscopic techniques were used to 
investigate the titled complexes. 
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Experimental 

All compounds used were of analytical reagent grade (BDH products). 
The arylidene derivatives of carbohydrazide were prepared by refluxing the 
carbohydrazide (0.01 mol) with the appropriate aldehyde [9] (0.02 mol) 
dissolved in EtOH (50 mL) for ca 1h . The products were filtered off, 
washed with EtOH and Et2O and then dried in a vacuum desiccator over 
silica gel. 

The metal complexes were prepared by mixing a hot EtOH solution (30 
mL) of the organic ligands (0.01 mol) with a hot EtOH solution (20 mL) of 
the hydrated metal chloride (0.01 mol). The mixture was refluxed on a water 
bath for 1-2 hrs. On cooling, the complexes separated were then filtered off, 
washed with hot EtOH, and dried over P4O10.[9]. 

The ligands included in the present investigation have the general 
structural formula: 

HN

HN

C

N

N

X

X

O(H2N-NH) 2CO

L1

 
 
Where x= p-OH (L2), 3,4-diOH (L3), p-Cl (L4), p-Br (L5) and p-NO2 (L6). 
 

The Uv-visible spectra (in Nujol) were recorded on a Shimadzu 240 Uv-
visible spectrophotometer and the IR spectra on a Perkin Elmer 683 IR 
spectrophotometer in the 4000-200 cm-1 region using KBr optics. Molar 
conductance measurements were made in DMF using a YSI Model 32 
conductance meter. Magnetic moments were determined by the Gouy 
method (at 25°C) and were corrected for diamagnetism using Pascal’s 
constant. The X-ray powder diffraction patterns were recorded using the 
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Shimadzu X-ray diffractometer model XD-3. The thermogravimetric 
analysis (TGA) was achieved using Du Pont 900 Thermal Analyzer. 

The electrical resistivity was measured using a super Megohmmeter 
(Model RM 170) electrometer. The samples were in the form of discs of 
diameter 13 mm and thickness of 1-3 mm which were pressed under a 
pressure of ca 300 kgcm-2. Good contact area was achieved by liquid silver 
painting on the two opposite surfaces of each disc: The temperature was 
measured in air using Cu-CuNi thermocouple placed close to the sample. 

C,H and N content were performed by the aid of the Perkin Elmer 2400 
analyser. The analyses for metals and halides were carried out by standard 
methods [23]. The melting points of all complexes are higher than 350°C. 

Results and discussion 
The stoichiometry of the complexes formed in solution was first 

ascertained by applying the   conductometric titration. The titration curves 
display two defined breaks denoting the possible formation of two types of 
complexes with stoichiometric ratios 1:1 and 2:1 (metal: ligand). The 
titration curves show a gradual increase in conductance with metal ion 
concentration. Isolating the solid complexes and their elemental analysis 
(C,H,N,M and Cl) further supports their stoichiometry. Results of elemental 
analysis are given in Table 1. The composition and emperical formulae of 
the complexes under investigation were further confirmed from the values 
of the molar conductance. The molar conductances in DMF are in 10-18 
(ohm-1 mol-1 cm2) range. The data suggest that the complexes behave as  
nonelectrolytes in DMF [24].  

Structural investigations by thermogravimetric analysis: 
The observed percentage weight loss corresponding to various steps 

namly, loss of water molecules, loss of chloride as well as the metal content, 
in the TGA curves were compared with those calculated in the assumption 
of possible composition of the complexes suggested from the elemental 
analysis and confirmed latter from IR spectral study. 
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Figure 1 shows thermograms of some solid complexes under 
investigation. The TGA pattern indicates that the thermal decomposition of 
the complexes involves mainly three stages. The elimination of lattice water 
molecule occurs in the range 25-90 0C (% calc. 2.9 , estimated  2.65) 
whereas the coordinated water molecules were eliminated within the 125-
2750C range (% calc. 6.1-7.8, estimated 5.7-7.4). The chloride content was 
eliminated in the 275-450 0C range with an estimated mass loss  
12.4-16.0 %, calc. 12.4-16.5 %). The final step of the decomposition occurs 
within the temperature range 350-650 0C corresponding to the 
decomposition of the complexes with the formation of the metal oxide (MO) 
as a final product from which the metal content was calculated. These 
values are found in good agreement with the calculated values from the 
suggested formula listed in Table (1). For some complexes the removal of 
chloride and the decomposition of the complexes occurred in one step. 

 On the basis of % loss in weight, the thermal decomposition for the 
complexes can be formulated as: 

MO   [ML] MLCl   ]O)(H[MLCl 650 -3502450 -275
2

225 -125
222  → → → °+° CC o

 

Where L= ligand  and MO = metal oxide 

The thermal stability for the complexes of the same ligand can be arranged 
as Cu+2>Co+2 > Ni+2 complexes. 

For the Cu-complex (11) the thermal decomposition can be formulated as: 
 

 
i.e the decomposition involves three main steps; the loss of coordinated 
water (% calc.3.1, estimated 2.8), loss of chloride (% calc. 18.5, estimated 
18.0) and the loss of organic ligand with the formation of CuO from which 
the Cu content was estimated (21.2 %).   

For complexes (15-17) the thermal decomposition involves two steps 
from which the mental content was calculated and compared with the values 
listed in Table (1). The thermal decomposition of these complexes can be 
formulated as: 
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Temperature (0C) 
Fig. (1) : TGA of complexes (11-14) and (17)  
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Structural investigation by IR spectra 
The bonding of the ligands to the metal ions under investigation was 

studied by IR spectroscopy. The IR spectra of the carbohydrazide 
complexes compared to that of the free ligand reveal the disappearance of 
the  C=O band in the spectra of the carbohydrazide complexes (1, 2 and 3). 
Some new bands of medium intensity appear in the spectra of the complexes 
within the 1300- 1230 cm-1 range. These bands can be assigned to the 
stretching mode of the C-O structure [25], formed through enolisation of the 
amide linkage. This indicates that carbohydrazide acts as a monobasic 
tridentate ligand through the oxygen and the nitrogen of NH2 groups as 
follows: 

 

 
In the complexes (4-10) and (12-14) the hydrazones behave as neutral 

bidentate ligands via the carbonyl and azomethine groups i.e. in the keto 
form. This fact is supported by  the shift to lower frequency of the carbonyl 
group and the split of the ν(C=N) band into two bands, one band near the 
same position of the free ligand and the other shifted to lower frequency. 
This indicates that one of the C=N groups is involved in the complex 
formation while the other is non coordinated. This is further supported by 
the shift of the ν(N-N) to higher frequency [26] as well as by the appearance 
of new bands in the 470-430 cm-1, 390-350 cm-1 and 340-320 cm-1 regions 
assigned to ν(M-O), ν(M-N) and ν(M-Cl), respectively [27]. 

The above evidence suggests the following structure for the complexes 
(4-10) and (12-14). 

R N
N N

NH R

H

O

H

M2+

Complexes (4-10) & (12-14)  
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For the complexes (11 and 15-17) the hydrazone derivatives act as 

monobasic tridentate ligands coordinating via the azomethine (C=N) and the 
enol =C-O groups. This chelate mode is supported by the disappearance of 
the C=O band with simultaneous appearance of a new band in the 1300-
1280 cm-1 region assigned to ν(C-O) [28];  the shift of ν(C=N) to lower 
frequency together with the shift of ν(N-N) to higher frequency [26] and  
the appearance of new bands in the 470-450 cm-1 and 390-380 cm-1 region 
due to ν(M-O) and ν(M-N), respectively [27]. 

Based on the evidence discussed above, the following structures can be 
proposed about the nature of these complexes. 
 

R N
N N

N R

O

H

CuCu
+2 +

Complex (11)

R N
N N

N R

O

H

M

O

N
N R

N
NR

H
Complexes (15-17)  

 
The shift of the C=O and C=N bands due to coordination is further 

utilised for the determination of the coordination bond length [29]. The 
values obtained for the coordination bond length amount to 2.48- 3.13 Å for 
M+2–O= and 2.37- 3.5 Å for the M+2  N= bonds, respectively. However 
the values of the coordination bond length (r) for  the metal oxygen bond are 
slightly lower than those of the metal nitrogen bond for all complexes 
except complexes (4, 5 and 12)  indicating that the metal ions under 
investigation have a higher affinity to oxygen than to nitrogen, ( Table 2.). 
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Table ( 2 ) 
Band position, band shift and coordination bond length for complexes (4-17) 

 
C=O C=N Compound M 

ν ∆ν log∆ν r ν ∆ν log∆ν r 
 

L2 
(4) 
(5) 
(6) 

 
L3 
(7) 
(8) 

 
L4 
(9) 

(10) 
(11) 

 
L5 

(12) 
(13) 
(14) 

 
L6 

(15) 
(16) 
(17) 

 
 

Co+2 
Ni+2 

Cu+2 

 
 

Co+2 
Ni+2 

 
 

Co+2 
Ni+2 

Cu+2 

 
 

Co+2 
Ni+2 

Cu+2 

 
 

Co+2 
Ni+2 

Cu+2 

 
1665 
1648 
1650 
1650 

 
1670 
1648 
1650 

 
1674 
1644 
1654 
1649 

 
1685 
1648 
1645 
1655 

 
1690* 

- 
- 
- 

 
- 

17 
15 
15 

 
- 

22 
20 

 
- 

30 
20 
25 

 
- 

37 
40 
30 

 
- 
- 
- 
- 

 
- 

1.231 
1.176 
1.176 

 
- 

1.343 
1.301 

 
- 

1.477 
1.301 
1.398 

 
- 

1.568 
1.602 
1.477 

 
- 
- 
- 
- 

 
- 

3.06 
3.13 
3.12 

 
- 

2.88 
2.74 

 
- 

2.68 
2.74 
2.78 

 
- 

2.54 
2.48 
2.68 

 
- 
- 
- 
- 

 
1648 
1593 
1593 
1638 

 
1645 
1630 
1635 

 
1620 
1595 
1595 
1610 

 
1655 
1600 
1625 
1638 

 
1635 
1625 
1600 
1620 

 
- 

55 
55 
10 

 
- 

15 
10 

 
- 

25 
25 
10 

 
- 

55 
30 
17 

 
- 

15 
35 
10 

 
- 

1.741 
1.741 
1.00 

 
- 

1.176 
1.00 

 
- 

1.398 
1.398 
1.00 

 
- 

1.741 
1.477 
1.231 

 
- 

1.176 
1.544 
1.00 

 
- 

2.37 
2.38 
3.5 

 
- 

3.24 
3.50 

 
- 

2.90 
2.89 
3.50 

 
- 

2.37 
2.78 
3.06 

 
- 

3.24 
2.69 
3.50 

*enol form (disappearance of C=O band) 
 
Magnetic and Uv- visible spectral  studies 

The Nujol mull Uv-visible  spectra of complexes (1-3) show a broad 
maximum with λmax at 14925, 15385 and 14815 cm-1 for the Co+2, Ni+2 and 
Cu+2 complexes, respectively. These bands can be assigned to 4T1g 4A2g 
(F), 3A2g  3T1g (F) and 2Eg  2T2g Transitions which are characteristic of 
square planar configurations for Co+2, Ni+2 and Cu+2 complexes [30]. 

The magnetic moments for Co+2 complexes (4, 7 and 9) are 4.4, 4.8 and 
5.1 BM, respectively.  The value for complex (4) is lower than that assigned 
for high spin octahedral Co+2 species (4.8- 5.2 BM) [31]. The Nujol mull 
spectra show bands within the   19608 - 18868  and 15152 – 14706 cm-1 



 
 
 
 

 Cobalt (II), Nickel (II) and Copper (II) Complexes…           M. Gaber & Shar S. Al-Shihry 
 

 190 

ranges assigned to 4T1g  4T1g (P) (ν3) & 4T1g  4A2g (F) (ν2) [32] 
respectively. The lowest band (ν1) could not be observed and is calculated to 
be within the 6898- 7143 cm-1 range. The ν2 / ν1 values are 2.12- 2.13 
indicating the octahedral structure. The B, β and Dq values are in the ranges 
861 and 889, 0.89 and 0.92 and 783- 800 cm-1 respectively, supporting the 
aforementioned geometry. 

The observed magnetic moment values for the Ni+2 complexes (5, 8 and 
16) are 2.7, 2.82 and 2.71 BM, respectively. The electronic spectra of Ni+2 
complexes show a band within the 14544- 16667 range cm-1 assigned to 
3T1g  3A2g transition indicating octahedral geometry around Ni+2 – ion 
[33]. The Ni(II) complex (10) has diamagnetic character and square planar 
geometry. 

The electronic spectra of Cu+2 complexes (6 and 11) exhibit a broad 
band near 14286 cm-1 suggesting square planar stereochemistry [34]. The 
µeff values are 1.83 and 1.9 BM supporting the square planar geometry [35]. 
The other Cu+2 complexes exhibit a broad band at 13889 cm-1 corresponding 
to the distorted octahedral structure [36]. 

X-ray studies 
The molecular structure of some complexes under investigation are 

studied by X-ray powder diffraction. By comparative study of the results 
obtained with the ligands and their chelates, the following can be pointed 
out. With respect to ligand (L3), the peak of the crystalline plane diffraction 
is observed at 2θ = 27.4°, which can be assigned to the enolic OH (3.2522 
Å) as indicated in the ASTM cards. The dihedral angle is found at 22.1 for 
ligand (L3), but decreases for the chelates. The M-N distance for the 
compounds under investigation is about 2.342 Å while the M-O is 2.05- 1.8 
Å as indicated from the ASTM cards. The valuse are not much different 
from those determined from ir-spectra. The shorter M-O bond distance 
reveals a higher affinity of the metal ions under investigation to oxygen 
compared to the M-N bond supporting the data obtained from the ir-spectra. 
For the ligand (L2) the peak at 2θ =28.2 can be assingned to the OH- group 
(3.16 Å). For the Ni+2 complex (5), the M-N bond distance (at 2θ =30.55) is 
2.9237 Å and M-O  (at 2θ = 37.45) is 2.3993 Å .The data also indicate the 
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higher affinity of metal ions to oxygen than nitrogen atom, which is 
supported form IR spectra.  

Electrical conductivity measurements 
Figure 2 shows the relation between the solid state electrical 

conductivity (log σ) and the temperature (1000/T). From the slope of the 
linear part of the plot, the activation energies of ligand (L6) and its 
complexes (16 and 17) are calculated. The resistivities of the metal 
complexes are higher than for the pure ligand while the corresponding 
activation energies are lower. This may be due to the increased electron 
delocalization. The observed activation energy of the complexes (16 and17) 
follow the order Cu+2> Ni+2. 

The trend found depends on the ionic radius of the cation and it’s ligand 
fields strength. The calculated activation energies amount to 2.0, 0.79 and 
0.37ev for ligand (L6), Cu+2 and Ni+2 complexes, respectively. 

The inflection observed can be attributed to a change in conduction 
mechanism. It is assumed that at lower temperatures the conduction process 
is essentially due to the electronic conduction through π–electron 
delocalization while the conduction at higher temperatures is due to the 
excitation of an electron from the upermost filled π–molecular orbital to the 
lowest unfilled π–molecular orbital of these compounds. However, the 
electron is assumed to tunnel to an equivalent empty level of a neighbouring 
molecule in the anodic direction. 

When a potential difference (V) is applied to L6 and its complexes  
(16 and 17), a current (I) can be measured. The current- voltage (I-V) plots 
are linear . Hence ligand (L6) and its complexes obey Ohm’s law i.e. Ohmic 
conduction. 
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1000/T.K 
 

Fig. 2 : Relationship between electrical conductivity (Loga) 
and temperature (1000/T) 
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 معقدات الكوبلت، النيكل والنحاس الثنائية مع الكربوهيدرازيد
 ومشتقات الآريليدين
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