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4-(4-hydroxybenzalideneamine) antipyrine (L1) and 4-(2-

hydroxybenzalideneamine) antipyrine (L2) have been synthesized and 

their structure have been confirmed by elemental analyses, mass 

spectrometry, IR and 
1
H NMR spectroscopy. The geometrical structures of 

these ligands are carried out by HF method with 3-21G basis set. The proton-

ligand dissociation constant of the ligands (L1 and L2)  and metal-ligand 

stability constants of their complexes with metal ions (Mn
2+

, Co
2+

, Ni
2+

 and 

Cu
2+

) have been determined potentiometrically in 0.1 mol.dm
-3 

KCl and 10 

% (by volume) ethanol–water mixture. The stability constants of the formed 

complexes increases in the order Mn
2+

, Co
2+

, Ni
2+

 and Cu
2+

. The effect of 

temperature was studied at 298, 308 and 318 K and the corresponding 

thermodynamic parameters (∆G, ∆H and ∆S) were derived and discussed. The 

dissociation process is non-spontaneous, endothermic and entropically 

unfavorable. The formation of the metal complexes has been found to be 

spontaneous, endothermic and entropically favorable. 

. 

.   
                   Copy Right, IJAR, 2014,. All rights reserved.

  

1. Introduction 

Schiff bases form an interesting class of chelating ligands that has enjoyed popular use in the 

coordination chemistry of transition and inner transition metals which show various industrial, biological and 

catalytic applications [1], due to its greater choice, sensitivity and synthetic flexibility to coordination with 

different transition metal ions [2-5]. Various studies have shown that, the azomethine group (>C=N-) in Schiff 

base metal complexes has considerable biological significance and found to be responsible for biological 

activity such as fungicidal and insecticidal [6]. Schiff bases of 4-aminoantipyrine and its complexes are known 

for their variety of applications in the area of catalysis [7], clinical applications [8], and pharmacology [9]. Also, 

antipyrines have found applications outside the pharmaceutical field, such as in the solvent extraction of metal 

ions [10] and as ligands in complexes with catalytic activity [11]. In continuation of our previous work      

[12-16], the present work is centered on the synthesis and characterization of two Schiff bases derived from 

the condensation of 4-hydroxybenzaldehyde/2-hydroxybenzaldehyde with 4-aminoantipyrine. In addition, the 

geometrical structure of the ligands L1 and L2 by HF method with 3-21G basis set was studied. The 

dissociation constant of the ligands (L1 and L2)  and the stability constants of their complexes with Mn
2+

, 

Co
2+

, Ni
2+

 and Cu
2+ 

at different temperatures are also studied. Furthermore, the corresponding 

thermodynamic functions are evaluated and discussed. 
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2. Experimental 

2.1. Measurements 

All the compounds and solvents used were purchased from Alderich or Sigma. C, H and N were 

determined on Perkin-Elmer (2400) CHNS analyzer. Spectroscopic data were obtained using the following 

instruments: FT-IR spectra (KBr discs, 4000-400 cm
-1

) by Jasco-4100 spectrophotometer; the 
1
H NMR 

spectra by Bruker WP 300 MHz using DMSO-d6 as a solvent containing TMS as the internal standard; 

Mass spectra by Shimadzu Qp-2010 Plus. The pH measurements were performed with a Metrohm 836 

Titrando (KF & Potentiometric Titrator) equipped with a combined porolyte electrode. The pH–meter 

readings in the non–aqueous medium were corrected [17]. The electrode system was calibrated according to 

the method of Irving et al. [18]. Titrations were performed in a double walled glass cell in an inert 

atmosphere (nitrogen) at ionic strength of 0.1 M KCl. Potentiometric measurements were carried out at 

different temperature. The temperature  was controlled to within ± 0.05 K by circulating thermostated 

water  (Neslab  2  RTE  220)  through  the  outer  jacket of  the  vessel. 

The molecular structures of the investigated compounds were optimized by HF method with 3-21G 

basis set. The molecules were built with the Perkin Elmer ChemBio Draw and optimized using Perkin Elmer 

ChemBio 3D software. Quantum chemical parameters such as the highest occupied molecular orbital energy 

(EHOMO), the lowest unoccupied molecular orbital energy (ELUMO) and HOMO–LUMO energy gap (ΔE) for 

the investigated molecules are calculated. 

 

2.2. Synthesis of the ligands 

The Schiff bases (L1 and L2, Fig. 1) have been prepared according to the previous procedure [19]. An 

ethanolic solution of 4-aminoantipyrine (0.1 mmol) was added slowly to the solution of                                        

4-hydroxybenzaldehyde/2-hydroxybenzaldehyde (0.1 mmol) in ethanol with constant stirring. The mixture 

was refluxed for 2 hr in a water bath. After concentration of the solution, the precipitate was separated, 

filtered, washed with ethanol and dried in vacuum over anhydrous CaCl2. 

4-(4-hydroxybenzalideneamine) antipyrine (L1). Yield 80 %, Yellow solid, m.p. 228-230 
o
C. Anal. 

Calc. for C18H17N3O2 (M=307): C, 70.35; H, 5.53; N, 13.68. Found: C, 70.05; H, 5.43; N, 13.58. MS m/z   

307 (M
+
). FT-IR (cm

-1
, KBr discs): 3180m, νO-H; 1655s, νC=O; 1581m, νC=N; 1371m, νC-N. 

1
H NMR (ppm): 

10.12 (s, 1H, OH); 8.32 (s, 1H, CH=N). 

4-(2-hydroxybenzalideneamine)antipyrine (L2). Yield 82 %, Pale-yellow solid, m.p. 198-200 
o
C. Anal. 

Calc. for C18H17N3O2 (M=307): C, 70.35; H, 5.53; N, 13.68. Found: C, 69.95; H, 5.35; N, 13.45. MS m/z   

307 (M
+
). FT-IR (cm

-1
, KBr discs): 3190m, νO-H; 1648s, νC=O; 1589m, νC=N; 1351m, νC-N. 

1
H NMR (ppm): 

10.12 (s, 1H, OH); 8.32 (s, 1H, CH=N). 

 

2.3. Potentiometric studies. 

A ligand solution (0.001 mol.dm
-3

) was prepared by dissolving an accurately weighted amount of 

the solid in ethanol (AnalaR). Metal ion solutions (0.0001 mol.dm
-3

) were prepared from AnalaR metal 

chlorides in bidistilled water and standardized with EDTA [20]. Solutions of 0.001 mol.dm
-3 

HCl and            

1 mol.dm
-3 

KCl were also prepared in bidistilled water. A carbonate-free sodium hydroxide solution in         

10% (by volume) ethanol–water mixture was used as titrant and standardized against oxalic acid 

(AnalaR). 

The apparatus, general conditions and methods of calculation were the same as in previous work 

[14-16]. The following  mixtures  (i) – (iii) were prepared  and titrated potentiometrically at 298 K 

against standard 0.002 mol. dm
-3 

NaOH in a 10 % (by volume) ethanol–water mixture: 

i) 5 cm
3 

0.001 mol.dm
-3 

HCl + 5 cm
3 

1 mol.dm
-3 

KCl + 5 cm
3
 ethanol. 

ii) 5 cm
3
 

0.001 mol.dm
-3 

HCl + 5 cm
3 

1 mol.dm
-3 

KCl + 5 cm
3 

0.00l mol.dm
-3

 ligand.  

iii) 5 cm3 0.001 mol.dm
-3 

HCl + 5 cm
3 

l mol.dm
-3 

KCl + 5 cm
3 

0.001 mol.dm
-3 

ligand + 10 cm
3         

0.0001 mol.dm
-3 

metal chloride. 

For each mixture, the volume was made up to 50 cm
3 

with bidistilled water before the titration. 

These titrations were repeated for temperatures of 308 and 318 K. All titrations have been carried out 

between pH 3.0 – 11.0 and under nitrogen atmosphere. 

3. Results and Discussion 

3.1. Molecular Structure 

The selected geometrical structures of the investigated ligands are calculated by optimizing their 

bond lengths and bond angles. The calculated molecular structures for L1 and L2 are shown in Fig. 2. The 

selected geometric parameters are listed in Table 1. The C10-N8 bond with length 1.26 Å for both ligands is 
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a normal imine bond. The phenyl and pyrazoline rings form a nearly planar dihedral angle (179.56°), and the 

pyrazoline and directly linked benzene form an effective dihedral angle (132.76°) for both ligands. From 

Table 2 the computed net charges on active centers, it is found that the most negative centers in L1 and L2 are 

N4 and O17. The surfaces of frontier molecular orbital theory (FMOs) are shown in Fig. 3.  

The HOMO–LUMO energy gap, ΔE, which is an important stability index, is applied to develop 

theoretical models for explaining the structure and conformation barriers in many molecular systems. The 

smaller is the value of ΔE, the more is the reactivity of the compound has [21-24]. The first derivative of the 

energy with respect to an applied electric field, is used to discuss and rationalize the structure [25,26]. The 

calculated quantum chemical parameters are given in Table 3. The ligand L2 is more reactive than L1 as 

reflected from energy gap values Table 3. Additional parameters such as ∆E, absolute Electronegativities, χ, 

chemical potentials, Pi, absolute hardness, η, absolute softness, σ, global electrophilicity, ω, [27-29] global 

softness, S, and additional electronic charge, ∆Nmax, have been calculated according to the following 

equations [30]: 

HOMOLUMO EEE 
                                                                                                             (1) 

2

)( LUMOHOMO EE 


                                                                                                       (2) 

2

HOMOLUMO EE 


                                                                                                                 (3) 
 /1                                                                                                                                       (4) 
Pi                                                                                                                                       (5) 




2

1
S                                                                                                                                         (6) 

 2/2Pi                                                                                                                               (7) 

/max PiN 
                                                                                                                        (8) 

3.2. Potentiometric measurements 

 The average number of the protons associated with the ligands (L1 and L2) at different pH 

values,nA, was calculated from the titration curves of the acid in the absence and presence of L1 and L2. 

Applying eq. 9: 

o

L

o

oo

A

TCVV

ENVV
Yn

)(

))((

1

21




                                                                                               (9)     

where Y is the number of available protons in L1 and L2 (Y=1) and V1 and V2 are the volumes of alkali 

required to reach the same pH on the titration curve of hydrochloric acid and reagent, respectively, V  is the 

initial volume (50 cm
3
) of the mixture, TC°L is the total concentration of the reagent, N is the normality of 

sodium hydroxide solution and E is the initial concentration of the free acid. Thus, the formation curves (nA 

vs. pH ) for the proton-ligand systems were constructed and found to extend between 0 and 1 in thenA scale. 

This means that L1 and L2 has one ionizable proton (the enolized hydrogen ion of the hydroxyl group, pK
H
). 

Different computational methods [31] were applied to evaluate the dissociation constant. Three replicate 

titrations were performed; the average values obtained are listed in Table 4. The completely protonated form 

of the ligands L1 and L2 has one dissociable proton, that dissociates in the measurable pH range. The 

deprotonation of the o-hydroxy group (ligand L2) most probably results in the formation of stable 

intramolecular H-bonding with the nitrogen atom of the C=N group. Such an interaction decreases the 

dissociation process of ligand L2, i.e. increases the pK
H
 value [32,33]. 

The formation curves for the metal complexes were obtained by plotting the average number of 

ligands attached per metal ion (n ) vs. the free ligand exponent (pL), according to Irving and Rossotti [34]. 

The average number of the reagent molecules attached per metal ion,n, and free ligand exponent, pL, can be 

calculated using eqs 10 and 11: 

o

MA
o
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TCnVV
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Yn
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and 

 

 
o

o

o

M

o
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n
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.

1
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                                                                               (11) 

where TC°M is the total concentration of the metal ion present in the solution, 
H

n is the overall proton-

reagent stability constant. V1, V2 and V3 are the volumes of alkali required to reach the same pH on the 

titration curves of hydrochloric acid, organic ligand and complex, respectively. These curves were analyzed 

and the successive metal-ligand stability constants were determined using different computational methods 

[35,36]. The values of the stability constants (log K1 and log K2) are given in Table 5. The following general 

remarks can be pointed out:     

              (i) The maximum value ofn was ~ 2 indicating the formation of 1:1 and 1:2 (metal : ligand) complexes 

only [37]. 

(ii) The metal ion solution used in the present study was very dilute (2 x 10
-5

 mol dm
-3

), hence there was 

no possibility of formation of polynuclear complexes [38,39]. 

(iii) The metal titration curves were displaced to the right-hand side of the ligand titration curves along the 

volume axis, indicating proton release upon complex formation of the metal ion with the ligand. The large 

decrease in pH for the metal titration curves relative to ligand titration curves point to the formation of strong 

metal complexes [40,41]. 

 (iv) For the same ligand at constant temperature, the stability of the chelates increases in the order Mn
2+

, 

Co
2+

, Ni
2+

 and Cu
2+

 [42-44]. This order largely reflects that the stability of Cu
2+

 complexes are considerably 

larger than those of other metals of the 3d series. Under the influence of both the polarizing ability of the 

metal ion [45] and the ligand field [45] Cu
2+

 will receive some extra stabilization due to tetragonal distortion 

of octahedral symmetry in its complexes. The greater stability of Cu
2+

 complexes is produced by the well 

known Jahn-Teller effect [46]. 

The dissociation constant (pK
H
) for L1 and L2, as well as the stability constants of its complexes with 

Mn
2+

, Co
2+

, Ni
2+

 and Cu
2+

 have been evaluated at 298, 308, and 318 K, and are given in Tables 4 and 5, 

respectively. The enthalpy (H) for the dissociation and complexation process was calculated from the slope 

of the plot pK
H
 or log K vs. 

1
/T using the graphical representation of van't Hoff eqs. 12 and 13: 

G = -2.303 RT log K = H – T S                                                                                           (12) 

or 

log K= (-H  / 2.303 R)(1/T)+( S / 2.303 R)                                                                            (13) 

From the G and H values one can deduce the entropy S using the well known relationships 12 and 

14: 

 S = ( H- G) / T                                                                                                                    (14) 

     All thermodynamic parameters of the dissociation process of L1 and L2 are recorded in Table 4. From 

these results the following conclusions can be made: 

             (i) The pK
H
 values decrease with increasing temperature, i.e. the acidity of the ligand increases [16]. 

(ii) A positive value of H indicates that dissociation is accompanied by absorption of heat and the process is 

endothermic [47]. 

(iii) A positive value of G indicates that the dissociation process is not spontaneous [48]. 

(iv) A negative value of S is obtained due to the increased order as a result of the solvation process.  

All the thermodynamic parameters of the stepwise stability constants of complexes are recorded in 

Tables 6 and 7. It is known that the divalent metal ions exist in solution as octahedrally hydrated species [36] 

and the obtained values of H and S can then be considered as the sum of two contributions: (a) release of 

H2O molecules, and (b) metal-ligand bond formation. Examination of these values shows that: 

(i) The stability constants (log K1 and log K2) for L1 and L2 complexes decrease with increasing temperature 

[49]. 
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(ii) The negative value of G for the complexation process suggests the spontaneous nature of such 

processes. 

(iii) The H values are positive, meaning that these processes are endothermic and favorable at higher 

temperature. 

(iv) The S values for the complexes are positive, confirming that the complex formation is entropically 

favorable [14]. 
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Fig. 1. Structure of the ligands L1 and L2. 
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Fig. 2. Molecular structure with atomic numbering for L1 and L2. 
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Fig. 3. Surface of FMOs for L1 and L2. 
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Table 1. The selected geometric parameters for L1 and L2. 

L1 L2 

Bond lengths (Å) Bond angles (
o
) Bond lengths (Å) Bond angles (

o
) 

C11-C16 1.347 C23-C22-C21 120.038 C11-C16 1.348 C23-C22-C21 120.037 

C15-C16 1.342 C22-C21-C20 118.996 C15-C16 1.341 C22-C21-C20 118.995 

C14-C15 1.343 C21-C20-C19 120.314 C14-C15 1.339 C21-C20-C19 120.316 

C13-C14 1.343 C18-C23-C22 122.266 C13-C14 1.34 C18-C23-C22 122.27 

C12-C13 1.342 C20-C19-C18 121.956 C12-C13 1.345 C20-C19-C18 121.955 

C11-C12 1.347 C23-C18-C19 116.42 C11-C12 1.353 C23-C18-C19 116.417 

C18-C23 1.349 C23-C18-N4 119.472 C18-C23 1.349 C23-C18-N4 119.454 

C22-C23 1.342 C19-C18-N4 124.092 C22-C23 1.342 C19-C18-N4 124.113 

C21-C22 1.34 C5-N4-N3 102.383 C21-C22 1.34 C5-N4-N3 102.371 

C20-C21 1.34 C5-N4-C18 130.41 C20-C21 1.34 C5-N4-C18 130.451 

C19-C20 1.343 N3-N4-C18 122.965 C19-C20 1.343 N3-N4-C18 122.966 

C18-C19 1.349 C16-C15-C14 121.512 C18-C19 1.349 C16-C15-C14 119.613 

N3-C2 1.277 C15-C14-C13 117.34 N3-C2 1.277 C15-C14-C13 119.165 

C1-C2 1.348 C15-C14-O17 120.997 C1-C2 1.348 C14-C13-C12 121.867 

C5-C1 1.367 C13-C14-O17 121.663 C5-C1 1.367 C11-C16-C15 121.53 

N4-C5 1.274 C14-C13-C12 121.417 N4-C5 1.274 C13-C12-C11 118.976 

N3-N4 1.362 C11-C16-C15 121.165 N3-N4 1.362 C13-C12-O17 118.616 

C14-O17 1.36 C13-C12-C11 121.256 C12-O17 1.363 C11-C12-O17 122.409 

C10-C11 1.349 C16-C11-C12 117.311 C10-C11 1.351 C16-C11-C12 118.849 

N8-C10 1.265 C16-C11-C10 122.293 N8-C10 1.265 C16-C11-C10 120.83 

C5-O9 1.216 C12-C11-C10 120.396 C5-O9 1.216 C12-C11-C10 120.321 

C1-N8 1.267 C11-C10-N8 124.732 C1-N8 1.268 C11-C10-N8 125.13 

N4-C18 1.279 C10-N8-C1 128.716 N4-C18 1.279 C10-N8-C1 128.653 

N3-C7 1.485 C1-C5-N4 111.35 N3-C7 1.485 C1-C5-N4 111.354 

C2-C6 1.509 C1-C5-O9 124.14 C2-C6 1.509 C1-C5-O9 124.178 

  N4-C5-O9 124.366   N4-C5-O9 124.323 

  C2-N3-N4 114.198   C2-N3-N4 114.205 

  C2-N3-C7 116.13   C2-N3-C7 116.114 

  N4-N3-C7 129.113   N4-N3-C7 129.113 

  N3-C2-C1 104.508   N3-C2-C1 104.495 

  N3-C2-C6 127.735   N3-C2-C6 127.677 

  C1-C2-C6 127.535   C1-C2-C6 127.605 

  C2-C1-C5 106.36   C2-C1-C5 106.353 

  C2-C1-N8 134.216   C2-C1-N8 134.251 

  C5-C1-N8 119.417   C5-C1-N8 119.389 

 

 

Table 2. Net charges on active centers of the studied ligands (L1 and L2). 

Atom Charges 

 L1 L2 

N3 -0.4891 -0.4891 

N4 -0.157 -0.157 

N8 -0.621 -0.621 

O9 -0.57 -0.57 

O17 -0.5325 -0.5325 
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Table 3. The calculated quantum chemical parameters for L1 and L2. 

Ligand 
HOMO 

(a.u) 

LUMO 

(a.u) 

ΔE  

(a.u) 

Χ 

(a.u) 

η 

(a.u) 

σ 

(a.u)
-1

 

Pi 

(a.u) 

S  

(a.u)
-1

 

ω 

(a.u) 
∆Nmax 

L1 -0.2647 -0.0502 0.2146 0.1575 0.1073 9.3205 -0.1575 4.6603 0.1155 1.4675 

L2 -0.2633 -0.0645 0.1988 0.1639 0.0994 10.0599 -0.1639 5.0299 0.1352 1.6492 

 

Table 4. Thermodynamic functions for the dissociation of ligands (L1 and L2) in 10 % (by volume) 

ethanol–water mixture and 0.1 mol.dm
-3 

KCl at different temperatures. 

Ligand T/K 

Dissociation 

constant 

pK
H
 

Gibbs energy 

kJ.mol
-1 

∆G1 

Enthalpy 

kJ.mol
-1 

∆H1 

Entropy 

J.mol
-1

.K
-1

 

-∆S1 

L1 298 8.00  45.64 28.10 58.86 

 308 7.85  46.29 59.05 

 318 7.69  46.82 58.86 

L2 298 9.12  52.03 29.91 74.22 

 308 8.96  52.83  74.42 

 318 8.79  53.52  74.22 

 

Table 5. Stepwise stability constants for ML and ML2 complexes of ligands (L1 and L2) in 10 % (by 

volume) ethanol–water mixtures and 0.1 mol.dm
-3

 KCl at different temperatures. 

Ligand M
n+

 
298 K 308 K 318 K 

log K1 log K2 log K1 log K2 log K1 log K2 

L1 Mn
2+

 5.64 4.63 5.79 4.78 5.94 4.94 

 Co
2+

 5.79 4.78 5.95 4.93 6.11 5.08 

 Ni
2+

 5.85 4.83 6.00 4.98 6.16 5.13 

 Cu
2+

 6.14 5.12 6.30 5.28 6.47 5.44 

L2 Mn
2+

 7.60 5.80 7.79 5.98 8.00 6.13 

 Co
2+

 7.75 5.88 7.93 6.05 8.04 6.20 

 Ni
2+

 7.81 5.92 7.99 6.18 8.14 6.34 

 Cu
2+

 7.95 6.14 8.15 6.28 8.30 6.44 

 

Table 6. Thermodynamic functions for ML and ML
2 complexes of ligand (L1) in 10 % (by volume) 

ethanol–water mixture and 0.1 mol.dm-3 KCl. 

M
n+

 T/K Gibbs energy/kJ.mol
-1

  Enthalpy/kJ.mol
-1

 Entropy/J.mol
-1

.K
-1

 

-∆G1 -∆G2   ∆H1   ∆H2    ∆S1    ∆S2 

Mn
2+

 298 

308 

318 

32.18 

34.14 

36.16 

26.41 

28.18 

30.07 

27.20 28.10 199.28 

199.19 

199.29 

182.96 

182.77 

182.96 

Co
2+

 298 

308 

318 

33.03 

35.08 

37.20 

27.27 

29.07 

30.93 

29.02 27.20 208.24 

208.14 

208.25 

182.82 

182.73 

182.82 

Ni
2+

 298 

308 

318 

33.37 

35.38 

37.50 

27.55 

29.36 

31.23 

28.10 27.20 206.32 

206.13 

206.32 

183.78 

183.68 

183.78 

Cu
2+

 298 

308 

318 

35.03 

37.15 

39.39 

29.21 

31.13 

33.12 

29.91 29.02 217.96 

217.76 

217.96 

195.41 

195.32 

195.42 
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Table 7. Thermodynamic functions for ML and ML
2 
complexes of ligand (L2) in 10 % (by volume) 

ethanol–water mixture and 0.1 mol.dm-3 KCl. 

M
n+

 T/K Gibbs energy/kJ.mol
-1

  Enthalpy/kJ.mol
-1

 Entropy/J.mol
-1

.K
-1

 

-∆G1 -∆G2   ∆H1   ∆H2    ∆S1    ∆S2 

Mn
2+

 298 

308 

318 

43.36 

45.94 

48.71 

33.09 

35.26 

37.32 

33.39 31.63 257.56 

257.56 

258.17 

217.20 

217.20 

216.84 

Co
2+

 298 

308 

318 

44.22 

46.76 

48.95 

33.55 

35.67 

37.75 

31.63 29.87 254.54 

254.54 

253.41 

212.83 

212.83 

212.65 

Ni
2+

 298 

308 

318 

44.56 

47.11 

49.56 

33.77 

36.44 

38.60 

31.63 45.68 255.68 

255.68 

255.32 

266.65 

266.65 

265.05 

Cu
2+

 298 

308 

318 

45.36 

48.06 

50.13 

35.03 

37.03 

39.21 

35.13 24.60 270.12 

270.12 

269.40 

200.12 

200.12 

200.67 

 

 

 

 

4. Conclusion 

4-(4-hydroxybenzalideneamine) antipyrine and 4-(2-hydroxybenzalideneamine) antipyrine have 

been synthesized and characterized using spectroscopic techniques. The geometrical structures of these 

ligands are carried out by HF method with 3-21G basis set. The proton-ligand dissociation constant of the 

ligands (L1 and L2)  and metal-ligand stability constants of their complexes with metal ions (Mn
2+

, Co
2+

, 

Ni
2+

 and Cu
2+

) have been determined potentiometrically in 0.1 mol.dm
-3 

KCl and 10 % (by volume) 

ethanol–water mixture. The corresponding thermodynamic parameters (∆G, ∆H and ∆S) were derived and 

discussed. The dissociation process is non-spontaneous, endothermic and entropically unfavorable. The 

formation of the metal complexes has been found to be spontaneous, endothermic and entropically 

favorable. 
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