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The cobalt (II) and nickel (II) complexes with H3L polydentate Schiff base (N[(1E) phenylmethylene N{2[2(2 
{hydroxyphenylmethylene] amino} ethyl) imidazolidin -1-yl} ethylamine) were identified in water-ethanol medium 
(90%/10%) at 25°C at a constant ionic strength of 0.2 M by potentiometry. Sirko program was used in order to 
determine the number and the stability constants of the complex species formed in aqueous solution. Totally 
deprotonated species [ML]- and protonated mononuclear species [MHL] (L= deprotonated polydentate ligand) were 
found in the Co(II)-H3L and Ni(II)-H3L systems. This study is completed by molecular modelling. The minimized 
steric energy and optimized geometry of Co(II) and Ni(II) complexes were obtained using the computer EMO program. 
Indeed a direct correlation was obtained between steric energies of the complexes and their formation constants.   

INTRODUCTION 

Schiff base ligands have gained importance 
because of physiological and pharmacological 
activities associated with them. They constitute an 
interesting class of chelating agents capable of 
coordinating metal ions giving complexes which 
serve as models for biological systems.1,2 

Recently, considerable attention has been paid 
to the chemistry of the metal complexes of Schiff 
bases containing oxygen, nitrogen and other 
donors.3-13 This may be attributed to their stability, 
biological activity and potential applications in 
many fields, such as oxidation catalysis and 
electrochemistry.14-16 

In this paper, we report the protonation 
properties of the N[(1E) phenylmethylene N{2[2(2 
{hydroxyphenylmethylene] amino} ethyl) 
imidazolidin -1-yl} ethylamine Schiff base (Fig. 1) 
and we present the results of complexation of the 
this ligand with cobalt(II) and nickel(II) in water 
ethanol medium at 298 K and at a constant ionic 
strength (0.2 M). Here, we set out to investigate, 
by potentiometric and molecular modelling means, 
the coordinating ability of Schiff base ligand with 
metal ions. The complex species were identified 
potentiometrically and their respective formation 
constants were calculated by Sirko program.17 The 
Co(II) and Ni(II) complexes formed were modeled 
by molecular mechanics. 

 
 

 
 
 
 
 
                                                            

Fig. 1 – Ligand structure.1 
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RESULTS AND DISCUSSION 

1. Acid-base properties of the ligand 

The fully protonated species is designed as 
H5L2+ and the fully deprotonated species is L3-. 
The ligand, in his neutral form (H3L), has only 
three labile protons due to the phenolic groups. 
From the fitting analysis of potentiometric titration 
curve of the H3L (Fig. 2) using Sirko program, five 
protonation constants were determined which are 
defined by equation:   

(Hi-1L)i-4  +  H+  (HiL)i-3 

Based on chemical evidences, the first three 
protonation constants of the ligand (logKi

H = 
10.64, 10.43, 8.77) are attributed to the phenolic 

groups. The two remaining logKi
H values (6.49, 

3.81) of the ligand are attributed to the protonated 
imine groups.  

The  results  obtained  by  Sirko program  are   
in   good   agreement   with   the  protonation  
constants calculated by Irving-Rossotti method 
(Table 1). 

2. Complexation studies 

The complexation properties of the ligand 
toward the Co2+ and Ni2+ ions were studied by 
potentiometry. The titration  curves obtained for 
mixtures of  the polydentate Schiff  base and metal 
ions in  a  1:1 ratio are depicted in Fig. 2. 
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Fig. 2 – Potentiometric titration curves [M]= [H3L]=10-3 M, I=0.2 M at T=25 ± 0.1 °C. 

 
Table 1 

Logarithm of  protonation constants (log Ki
H) and stability constants (log β hij) 

Species               H3L  Co-H3L                  Ni-H3L 
 
[H4L]+/ [H5L]2+  
[H3L ]/ [H4L]+ 
[H2L]-/ [H3L] 
[HL]2-/ [H2L]- 
[L3-]/ [HL]2- 

 
logK5 
logK4 
logK3 
logK2 
logK1 
R% 
Rlim% 

Sirko 
3.81(0.09) 
6.49(0.04) 
8.77(0.04) 
10.43(0.05) 
10.64(0.03) 
1.11 
0.3 

Irving Rossotti 
2.44 
5.69 
8.04 
10.40 
10.65 

 

[ML]- 

[MHL] 
 

log β 101 
log β 111 
R% 
Rlim %                

 
- 

 9.07(0.07)                7.02(0.09)       
15.08(0.06)              12.58(0.08)     
1.46                          1.11                 
0.16                          0.14                 

R%: reliability factor; Rlim%: limit reliability factor 
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Analysis of the curves shows that the metal 
complexation of the ligand starts at a quite lower 
pH (approximately 2.6 and 2.8 respectively for 
cobalt(II) and nickel(II)) indicating a strong 
interaction with cobalt(II). The Co(II)-H3L and 
Ni(II)-H3L curves shift to lower pH as compared to 
the corresponding ligand curve. This is due to a 
release of protons on coordination. The titration 
curves present two inflection points for cobalt (II)-
H3L and nickel (II)-H3L systems. The protonated 
species [MHL] were formed at the acid pH range 
and [ML]- species were formed at the basic pH 
range.  The Sirko program gave convergence for 
models containing the [MHiL]i-1  species (i=0, 1), 
where the L is used for the ligand bearing three 
negative charges. The stability constants (βhij) are 
defined by equation:     

hM2+  +  iH+   +  jL3-   (MhHiLj)2h+ i -3j 

The comparison between the formation 
constants calculated for the complexes with H3L 
(Table 1) shows that  logβ[ML]

- is higher for Co(II) 
than the Ni(II) by a factor of approximately 2.05 
logarithmic units. This indicate that the cobalt(II) 

complexes are more stable than those formed with 
nickel(II). 

3. Species distributions 

As the pH increases, the ligand loses its protons 
to become H5L2+, H4L+, H3L, H2L-, HL2- and  L3- . 
The neutral H3L ligand reaches its maximum 
concentration at pH=7 (70%) (Fig. 3). 

On the basis of the potentiometric data and the 
equilibrium constants, curves of concentration 
distribution  of Co(II) and Ni(II) were obtained. 
The first inflexion on the species distribution curve 
of the Co(II)- H3L system (Fig.4) appears at 
pH=5.8, revealing that a monoprotonation 
mononuclear chelate [CoHL] is formed in an 
appreciable concentration (maximum 72% at 
pH=6.9). The  [CoL]- complex becomes the 
predominant component from pH=8 to 10 and the 
maximum formation (100%) occurs at pH=9.2.  

The [NiHL] protonated species begins to form  
pH=3.5 and its maximum formation occurs  at  
pH= 6.0 (40%). The maximum formation (100%) 
of [NiL]- deprotonated complexe occurs at pH= 8.6.
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Fig. 3 – Species distributions curves of  the H3L ligand. Fig. 4 – Species distributions curves of  the Co(II)- H3L system. 
 

4. Molecular modeliling 

The   ligand    binds   the    nickel    and    cobalt    
ions    through    multidentate    coordination mode    
with Nazomethine ; imidazolidine  and Ohydroxyl ; water donor 
atoms. Only coordination 4, 5 and 6 around the 
central atom have been considered. The values of  
minimized steric energy of the complexes (Tables 
2, 3) show that the 101 complexes are more stable 
than the 111 ones and the more stable complexes 
are formed when the  ligand binds the metal in  
tetradentate (Nazomethine, Ohydroxyl) manner. 

a. Tetradentate coordination mode  
In coordination 6 (Table 2) the cobalt 

complexes are more stable than the nickel 
complexes and they are less stable in coordination 
4. The stability order of Ni-H3L and Co-H3L 
complexes in coordination 4 is:  

O2N4N1O1 > O2N4N1O3 >  O2N4O3O1 > O2N4N3O3. 

b.Pentadentate coordination mode  
In coordination 5 (Table 3) the ligand favours 

the square pyramid form for the cobalt complexes 
and trigonal  bipyramid geometry around  the 
nickel ion. 
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Table 2 

Steric energies ( KJ/mol)  of  nickel and cobalt complexes in tetradentate coordination mode 

Species                               Coordination 4 Coordination 6 
 
Ni-H3L 
(101) 
(111) 
Co-H3L 
(101) 
(111) 

O2N4N1O1      O2N4N1O3           O2N4O3O1      O2N4N3O3 
 
186.882          246.080           248.115          422.321 
192.560          253.20             252.68            500.120 
 
195.987          230.801           250.615          412.085 
205.441          249.846           264.585          483.654                                            

O2N4N1O1O5O4 
 
280.192 
283.203 
 
163.308 
179.240           

 
Table 3 

Steric energies ( KJ/mol)  of nickel and cobalt complexes in pentadentate coordination  mode 

Species Coordination 5(s)            Coordination 5(t) Coordination 6 
 
Ni-H3L 
(101) 
(111) 
Co-H3L 
(101) 
(111) 

O2N4N1O3O1                       O2N4N1O3O1 
 
280.752                               278.322                   
368.651                               350.400                            
 
270.617                               285.880 
281.965                               373.855 

O2N4N1O3O1O5 
 
765.203 
915.987 
 
627.189 
664.512 

(s): square pyramid ;  (t): trigonal bipyramid 
 

The results obtained by molecular modelling 
show that the complexes formed with cobalt(II) are 
more stable than those of nickel(II) which is in 
agreement with the stability constants obtained by 
potentimetry (Table 4).  

The optimized geometry for the more stable 
nickel complexes is square planar and it is an 
octahedral configuration slightly deformed around 
the central ion Co(II), where two sites are occupied 
by two water molecules. [NiHL] and [CoHL(H2O)2] 
structures were depicted in Figs. 5, 6. 

 
Table 4 

Steric energies and stability constants of  Ni-H3L and  Co-H3L complexes 

Species Stability constants (log β hij)                 Steric energies ( KJ/mol) 
Ni-H3L 
(101) 
(111) 

 
             7.02 
             12.58 

 
         186.882 
         192.560 

Co-H3L 
(101) 
(111) 

 
             9.07 
             15.08 

 
         163.308 
         179.240 

 

 
Fig. 5 – [NiHL] complex (coordination 4). Fig. 6 – [CoHL(H2O)2] complex (coordination 6). 
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EXPERIMENTAL 

1. Starting materials 

All the chemicals and solvents were of reagent grade 
materials and were used without further purification. A 
solution of NaOH (0.1 M, 0.5 M ) was prepared from Titrisol 
Merck. Stock solutions of Co(II) and Ni(II) ions were 
prepared from chloride Salts (Merck). Doubly distilled water 
was used for the preparation of solutions. The purity and the 
concentration of the prepared solution were checked by 
potentiometric method. 

2. Preparation of ligand 

The Schiff base (H3L) has been prepared according to the 
known procedure18 with some modification.19  

3. Potentiometric measurements 

Potentiometric measurements of the ligand and metal-
ligand complexes were carried out using a tacussel pHN-81 
pH-meter, which was accurate to 0.01 unit and standardized 
before each titration using buffer solutions (pH=4.00 and 
pH=7.00 at 20°C), and a combination electrode placed in a 
glass vessel (298 K thermostat). The  solution of constant 
ionic strength (I= 0.2 M) was maintained with NaCl (0.5 M). 
The titration with NaOH (0.1M) was conducted over pH range 
2-11. All titration were made in the presence of HCl (Merck) 
in H2O (90%) and ethanol (10%) solutions. Atmospheric CO2 
was excluded from the cell during the titration by passing N2 
across the top of the experimental solution in the reaction cell. 
The concentration of protonated ligand (H3L) and metal ions 
in stock solutions used in potentiometric titrations was 10-3M. 

4. Calculation of equilibrium constants 

Protonation constants Ki
H=[(HiL)i-3]/[(Hi-1L)i-4][H+]  were 

calculated by fitting the potentiometric data obtained for the 
free ligand using the Irving-Rossotti method20 and Sirko 
program.17 Average ñ values were obtained from the titration 
curves using the following equation was used:  

ña = y +(V1-V2)(N+E0)/(V0+V1) T0
L 

V0: volume at the beginning (50ml), N: normality of base 
(0.1N),  TL

0
 :  molar  concentration  of  total  ligand (10-3M), 

y:  the number of protons given (H3L) 
The stability constants βhij = [MhHiLj)2h+i-3j]/[M2+]h [H+]i 

[L3-]j of various species formed in the aqueous solution were 
calculated from the experimental data corresponding to the 
titrations which refined using Sirko program. The refinement 
were repeated until the differences between the calculated and 
observed pH values for 1:1 system were minimized.  

5. Modelling of the Co(II) and Ni(II) chelates 

An optimised geometry and minimized steric energy 
(stretching energy + angle bending energy + rotation energy + 
Van der Waals energy + electrostatic energy) for all 
complexes formed in solution were determined by molecular 
modelling wich carried out by the EMO program21,22  using 
the molecular mechanics (MM2). This  program uses the 
relaxation method (single step method) for  the calculations. 

CONCLUSIONS 

A solution study of the H3L and its complexes 
with Ni(II) and Co(II) has been investigated by 
potentiometry.  Five protonation constants have 
been determined for H3L by Irving-Rossotti 
method. The Sirko program confirmed the 
protonation constants for H3L and gave the 
stability constants of its complexes formed at pH= 
2.5 to 10. It was found that the stability of  Co(II) 
complexes was markedly higher  than those of 
Ni(II). Distribution species showed that ML- 
predominate in the basic pH  and the MHL 
complex predominate in the acidic pH. 

Molecular modelling showed several possible 
coordination mode for these metals. The values of 
steric energy showed that the complexes were 
more stable when H3L acts as a tetradentate ligand 
and  Co(II) complexes  were more stable than 
Ni(II) ones.  The energies found by EMO are in 
good agreement with the global formation 
constants determined by Sirko. The optimized 
geometry  is square-planar for Ni(II) complexes 
and  octahedral for  Co(II)  ones.  
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