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A pH metric method used for the simultaneous equilibrium of Co+2 and Cu2+ with salicylic acid, cinnamic acid, 
acetyl salicylic acid and picolinic acid. picolinic acid used as primary ligand and others as secondary ligands. The 
stability constants of the complexes have been studied at 25±0.5 0C and µ = 1.0 M (NaClO4). The results are 
computed using software program SCOGS. 
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1. Introduction 
pH-metry has been successfully adopted for the 
determination of stability constant. J. Bjerrum 
and Ido-Laden’s work enlightened the interest in 
the investigation of equilibrium of metal-chelates 
and ionic complexes in solution. Schwarzenbach 
and Ackermann [1] found that stability of the 
chelates decreases as the increase of size ring. 
The present work provides a systematic solution 
study of the complex formation of Cu and Co 
with different acids. As the Co-ordination 
chemistry of metal-complex play a vital role in 
biological system of organism.Various 
researchers have studied the mixed ligand 
complexes of transition metals with the Simple or 
substituted acid [2]. Mixed-ligand complexes are 
formed in solutions containing metal-ion with 
two or more different ligands. A number of 
reviews have appeared on the stability of mixed-
ligand complexes [3]. The study of ternary 
complexes of different metal ions with amino 
acids and carboxylic acids have been carried out 
by many workers [4-5]. 
During the past decades, di-amines and their 
derivatives are studied for important applications 
are stable complexes in the field like 

biotechnology, biochemistry and environmental 
science [6]. 
For the present study an attempt has been made to 
determine the stability constants of binary 
complexes of Cu and Co with some acids. 
Various factors influencing the formation and 
stabilities of binary and ternary complexes. 
 
2. Experimental 
All the chemical used for titration were of Sd-fine 
chemical limited i.e. metal ions used are cobalt 
and copper and similarly the salicylic acid, 
cinnamic acid, acetyl salicylic acid and picolinic 
acid and NaoH etc. All the chemicals likeNaoH, 
perchloric acid, sodium perchlorate, metal ions & 
ligands were prepared in glass distilled water. 
The titration were carried out at 25 ± 0.5 and inert 
atmosphere were maintained by bubbling oxygen 
free nitrogen gas throughout the course of 
technique. Stability constant of these ligands 
were determined by Irving – Rossotto technique 
[7]. 
 

pH-metric measurements carried out by ELICO 
INDIA pH-meter. The combined electrode was 
washed with 2N HCl and distilled water after 
every set of reading as pH range was 2 to 11 pH.  
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Titration was carried out at constant temperature; 
glass wares used are calibrated by method 
described in vogel [8]. 
 
3. Result and Discussion: 
The present study has great importance in the 
development of Co-ordination chemistry. When 
metal form a series of step complexes with the 
ligand a general decrease in Stability constant is  

usually found. The potentiometric titration was 
carried out keeping 1:5 metals to ligand ratio. The 
observed trend in stability constant of metal ion 
with amino acids obey Irving-William order [9] in 
the case of threonine is Co2+> Ni+2 and Co+2< 
Cu+2. The literature survey reveals that many 
workers studied the complexation. The ionic 
strength was maintained to 1.0M with sodium 
perchlorate. 
 

Table 1: Protonation constant of ligands 

Ligands 
log K

H

1  log K
H

2  
Picolinic acid 10.84 7.56 
Salicylic acid 10.64 8.53 

Acetyl salicyclic acid 10.49 8.45 
Cinnamic acid 10.97 8.92 

 
 

Table 2: Metal ligand stability constant 

Metal 
ions 

Ligands 

Picolinic acid Salicylic acid 
Acetyl 

salicylic acid 
Cinnamic acid 

Co (II) 
5.71 4.02 4.46 3.53 

- 3.97 4.25 - 

Cu (II) 
6.04 4.67 4.95 3.79 

- 2.95 3.20 2.61 

 
The mixed ligand complexation of Co (II) and Cu 
(II) with picolinic acid as a primary ligand and 
other acids as the secondary studied in the ration 

of 1:5:5. The stability constant lies in the range of 
2.5 to 6.1. 
 

 
Table 3: Stability Constant of Mixed-Ligand Complexes 

Metal ion Mixed ligand Log KMXY  log K 

Co (II) 
Picolinic acid + salicylic acid 6.60 1.32 

Picolinic acid + Acetyl salicylic acid 7.04 0.79 
Picolinic acid + Cinnamic acid 9.23 2.01 

Cu (II) 
Picolinic acid + salicylic acid 5.21 1.0 

Picolinic acid + Acetyl salicylic acid 6.03 1.96 
Picolinic acid + Cinnamic acid 7.89 2.60 

 
The log KMXY of ternary complexes and 
chelates were determined by Loraas and Thomas 
method [10] in the pH-region where there was a 
maximum difference between composite curve 
and mixed-ligand titration curve. Earlier reported 
log K value are negative for the ternary 
complexes of Cu (II) with amino acids indicating 
the primary-ligand anions and secondary ligand 
anions forms mixed-ligand complex [11]. 
The ternary complexes serve as useful models for  

many biological reactions such as metal-chelation 
apparently play a definite role in the case of 
treatment of malignancy [12]. The mixed-ligand 
complexes are generally more stable than the 
corresponding binary system. 
In the present study we observed an increasing 
trend in the log KMXY value of metal-ligand 
chelation. The  log K values are positive 
showing the ternary complex formation. 
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