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AbSTRACT

 Potentiometeric investigation on the complex formation equilibria involving Co(II), Ni(II), Cu(II) 
& Zn(II) with ethylenediaamine-N,N,N1,N1-tetraacetic acid and melonic acid have been made in 
solution at three different temps viz. (15±10, 35±10, 45±10C). Important thermodynamic parameters 
namely, change in Gibb’s free energy (DG0), change in enthalpy (DH0) and change in entropy (DS0) 
and stability constant have been determined potentiometrically at ionic strength of 0.1 M (KNO3). 

keywords: Ethylenediaamine-N,N,N1,N1-tetraacetic acid , Schiff base complexes, 
Transition metals, Formation constant.

INTROdUCTION

 The binary complexes of transition metal 
ions with carboxylic acids (Vickery,1957; Dutta and 
Suri,1957; Dubovenko and Babko, 1957; Galles 
and Nacollas,1956 and Peacock and James,1951) 
such as oxalic, malonic, succinic, phthalic, maleic, 
citraconic, malic and tartaric acids have been 
thoroughly investigated. Gentile et al., (1962) have 
reported binary complexes of rare earths with a 
number of carboxylic acids and their derivatives. IR 
and X-ray investigations of the binary complexes 
of transition metals with carboxylic acids have also 
been reported by Brezina (1963) and Romov et al., 
(1966). 

 Ternary complexes of transition metals with 
several multidentate ligands and a number of bidentate 
ligands have been studied potentiometrically by 
Sharma and Tandon (1973). 

 A survey of literature, however, revealed 
that insignificant amount of work has been carried 
out on the ternary complexes of transition metals. 
It was, therefore, considered of interest to carryout 
detailed potentiometric investigations on the systems: 
1:1:1, M(II)-EDTA-MLA and M(II)-CDTA-CCA [where 
M(II) = Co(II), Ni(II), Cu(II) and Zn(II)] with a view 
of characterizing their formation and evaluating 
their formation constants and other thermodynamic 
parameters of the resulting heteroligand species. The 
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results of these investigations have been presented 
and discussed in this chapter.

 The pH-metric titration technique as 
described earlier, has been applied for the 
determination of the stability constants at three 
different temperatures viz. (15±1o, 25±1o and 
35±1oC) using ionic strength of 0.1M KNO3. The 
results of pH-metric studies of Co(II), Ni(II), Cu(II) 
and Zn(II) ternary species of above mentioned 
ligands have been presented in this chapter.
 
 The respective pH-titration curves at 
different temperature were similar in their nature and, 
therefore, the titration curves only at one temperature 
(25oC) have been presented for discussions and 
others at (15o and 35oC) have been omitted for the 
sake of brevity. 

 Figures have been drawn by plotting the 
obtained pH value against moles of alkali (m) added 
per mole of the metal/ligand.

Systems : 1:1:1, M(II)-EdTA-MLA and M(II)-CdTA-
CCA:
(where M(II) = Co(II), Ni(II), Cu(II) and Zn(II)
EDTA = Ethylenediamine-N,N,N’,N’-tetraacetic 
acid 
CDTA =1,2-diaminocyclohexane-N,N,N’,N’-
tetraacetic acid 
MLA = Malonic acid 
CCA = Citraconic acid 
The above systems have been divided into the 
following two sections.
Section A:
System : 1:1:1, M(II)-EDTA-MLA
Section b:
System : 1:1:1, M(II)-CDTA-CCA 

EXPERIMENTAL

 All chemical used were G.R. Grade. 
Following solutions were prepared in freshly 
prepared double-distilled CO2

- free water and purified 
ethanol14. ethylenediaamine-N,N,N1,N1-tetraacetic 
acid  and melonic acid  were used after checking 
their purity by elemental analysis and spectral 
measurements.

 pH was measured on the a Systronics 
m-361 pH system using a special glass electode 

and a SCE. Analytical concentration of hydrogen ion 
were corrected for the use of mixed solvent. Ionic 
product  of water and activity coefficient of hydrogen 
ion under the experimental condition were obtained 
from literature15-18. Ionic strength was maintained 
at 0.1 M by adding required amounts of KNO3.
Stability constant of the mixed ligand complexes 
were determined by pH-metric titrations at 15±10, 
35±10, 45±10C.

The following sets were titrated against (0.1M) 
kOH solution.

1. 10 ml (0.025 M) Metal nitrate + 5 ml (M) KNO3
- 

diluted to 50 ml.
2. 10 ml (0.025 M) Ligand (L) + 5 ml (M) KNO3

- 
diluted to 50 ml.

3. 10 ml (0.025 M) Ligand (L1) + 5 ml (M) KNO3
- 

diluted to 50 ml.
4. 10 ml (0.025 M) Metal nitrate + 10 ml (0.025 

M) Ligand (L) + 5 ml (M) KNO3
- diluted to 50 

ml (1:1, M(II) – L).
5. 10 ml (0.025 M) Metal nitrate + 10 ml (0.025 

M) Ligand (L1) + 5 ml (M) KNO3
- diluted to 50 

ml (1:1, M(II) – L1).
6. 10 ml (0.025 M) Metal nitrate + 10 ml (0.025 

M) Ligand (L) + 10 ml (0.025 M) Ligand (L1) 
+5 ml (M) KNO3

- diluted to 50 ml (1:1:1, M(II) 
– L-L1).

7. The measured pH values were plotted against 
the moles (m) of base added per mole of 
metal ions or ligand.

RESULT ANd dISCUSSION

Section A :
System : 1:1:1, M(II)-EdTA-MLA
 Curve a (Figs. 1-4) representing pH metric 
titration of Co(II), Ni(II), Cu(II) and Zn(II) nitrate 
respectively, exhibits an inflection at m ≈ 2.5 showing 
the basic-salt formation of the Co(II), Ni(II), Cu(II) 
and Zn(II). 

 Curve b (Figs.1-4) i l lustrates the 
potentiometric titration of tri potassium salt of 
ethylenediaamine-N,N,N,’N’-tetraaceticacid 
(K3EDTA). The absence of any inflection on this curve 
attributes the non-labile nature of the remaining 
carboxylic proton of tri-potassium salt of EDTA 
even at high pH. Curve c (Figs.1-4) represents the 
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pH-metric titration of the melonic acid (MLA) shows 
two inflections at m=1 and m=2. The first inflection 
at m=1 may be correlated to the titration of only 
one carboxylic proton forming acid salt whereas 
the second inflection at m=2 shows the normal salt 
formation due to the complete neutralization of both 
the carboxylic groups.

binary systems
 Curve d (Figs.1-4) represents the titration 
of 1:1, M(II)-EDTA binary mixture. An extensive 
lowering in the initial pH as compared to the curve 
b (Figs.1-4), followed by a well-defined inflection at 
m=1 may be correlated to the formation of soluble 
1:1, M(II)-EDTA binary species (M.A. Tischenko 
et.al., 1974).

M2++ EDTA3- + OH-   [M2+- EDTA4-]+H2O

Fig.1. pH-titration curves of System 1:1:1, Co(II)-EdTA-MLA at 25oC

Fig. 2. pH-titration curves of System 1:1:1, Ni(II)-EdTA-MLA at 25oC

Fig. 3. pH-titration curves of System 1:1:1, Cu(II)-EdTA-MLA at 25oC

Fig. 4. pH-titration curves of System 1:1:1, Zn(II)-EdTA-MLA at 25oC

 Curves e (Figs.1-4) attribute the pH-metric 
titrations of 1:1, M(II)-MLA systems, giving two 
inflection at m=2 and m≈4 with lowering in initial 
pH as compared to curves c. First inflection at m=2 
may be attributed to the formation 1:1, M(II)- MLA 
species. Another inflection at m≈4 on these curves, 
may, however, be ascribed to the disproportionation 
of the initially formed 1:1, complex in to 1:3, M(II)- 
MLA soluble species (R.C. Sharma et al., 1975), and 
to the simultaneous precipitation of the remaining 
metal as metal hydroxide in higher buffer region.

M2++ H2A + 2OH-  [M2+- A2-]+2H2O

[M2+)-A2-]+2OH- 1⁄3[(A2-)3- M3+]+2⁄3 
M(OH)3

(where H2O = MLA; M(II) = Co(II), Ni(II), Cu(II) and Zn(II).
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Ternary System
 Curve f(Figs.1-4) show the titration of 
1:1:1,M(II)-EDTA-MLA ternary system. A fall in pH 
in the lower buffer region as compared to the curve 
d for 1:1, M(II)-EDTA and curve e for 1:1, M(II)-MLA 
along with an inflection at m=2 (pH≈4) on these 
curves may be ascribed to the formation of soluble 
1:1:1,M(II)-EDTA-MLA monoprotonated ternary 
species (R. Kumar et al., 1976)

M+2+ EDTA3-+ H2A+2OH-  [EDTA4-- M+2- 
HA-1]+ 2H2 O

 where H2A = MLA, CCA and M(II) = Co(II), 
Ni(II), Cu(II) and Zn(II) 
 
The deprotonation of the formed protonated 
species occurs further in the higher pH-range 

as indicated by the appearance of one more 
well-defined inflection at m=3. The absence of 
a solid phase throughout the titration and the  
non-superimposable nature of curve f with either 
binary curves d or e further substantiate the formation 
of hetero-ligand ternary species. The formation and 
deprotonation of the intermediate protonated species 
may be expressed as follows:

EDTA4--M+2- HA-1 ]+ OH-  [EDTA4-- M+2-
A2-]+ H2O

Ionisation constants (kMLL’ values) of mixed 
ligand complexes
 The values of ionisation constants (KMLL’) 
have been calculated and given in Tables 1, 2 and 
3. The observed order of stability in terms of metal 
ions is found to be Cu(II) > Co(II) > Ni(II) > Zn(II).

Table 1: System: 1:1:1, M(II)-EdTA-MLA at 15oC
[M(II) = Co(II), Ni(II), Cu(II) and Zn(II)]

   Temperature = 15±1oC, µ = 0.1M kNO3, kOH = 0.1M 
Concentration = Co(II)/ Ni(II)/ Cu(II)/Zn(II) = EdTA = MLA = 5x10-3 M

S.No. M              Co(II)-EDTA-MLA       Ni(II)-EDTA-MLA       Cu(II)-EDTA-MLA         Zn(II)-EDTA-MLA 
  pH Log KMLL’ pH Log KMLL’ pH Log KMLL’ pH Log KMLL’

   1 0.2 2.25 14.62 2.24 14.72 2.22 14.89 2.22 14.89
   2 0.4 2.3 14.59 2.28 14.76 2.26 14.93 2.25 15.01
   3 0.6 2.34 14.66 2.32 14.83 2.3 14.99 2.28 15.17
   4 0.8 2.39 14.67 2.38 14.74 2.36 14.8 2.34 15.07
   5 1 2.46 14.56 2.45 14.65 2.42 14.87 2.4 15.02
   6 1.2 2.5 14.73 2.5 14.73 2.48 14.87 2.46 15.01
   7 1.4 2.58 14.6 2.56 14.75 2.54 14.9 2.52 15.06
   8 1.6 2.64 14.7 2.62 14.83 2.6 14.98 2.58 15.12
   9 1.8 2.71 14.75 2.7 14.82 2.63 14.92 2.66 15.01
  10 2 2.8 14.8 2.78 14.93 2.78 14.93 2.76 15.07
  11 2.2 2.94 14.59 2.92 14.72 2.88 15 2.84 15.36*
  12 2.4 3.08 14.58 3.06 14.71 2.98 15.26* 2.96 15.40*         
Mean value         
Log KMLL’ = 14.68±0.12, Log KMLL’ = 14.79±0.14,  Log KMLL’ = 14.90±0.10,  Log KMLL’ = 15.03±0.14
*Values omitted         

Table 2 : System: 1:1:1, M(II)-EdTA-MLA
[M(II) = Co(II), Ni(II), Cu(II) and Zn(II)]

Temperature = 25±1oC, µ = 0.1M kNO3, kOH = 0.1M
Concentration = Co(II)/ Ni(II)/ Cu(II)/Zn(II) = EdTA = MLA = 5x10-3 M

S.No. M               Co(II)-EDTA-MLA       Ni(II)-EDTA-MLA       Cu(II)-EDTA-MLA         Zn(II)-EDTA-MLA 
  pH Log KMLL’ pH Log KMLL’ pH Log KMLL’ pH Log KMLL’

  1 0.2 2.32 14.01* 2.3 14.38 2.28 14.56 2.28 14.56
  2 0.4 2.34 14.46 2.34 14.46 2.32 14.63 2.32 14.63
  3 0.6 2.4 14.39 2.38 14.55 2.38 14.55 2.36 14.71
  4 0.8 2.46 14.33 2.44 14.5 2.42 14.65 2.41 14.73
  5 1 2.52 14.32 2.52 14.32 2.48 14.63 2.48 14.63
  6 1.2 2.58 14.34 2.56 14.49 2.54 14.64 2.52 14.78
  7 1.4 2.64 14.39 2.62 14.54 2.61 14.61 2.58 14.82
  8 1.6 2.72 14.34 2.7 14.49 2.63 14.64 2.68 14.64
  9 1.8 2.82 14.22 2.8 14.36 2.78 14.49 2.74 14.77
 10 2 2.92 14.34 2.88 14.47 2.85 14.51 2.85 14.68
 11 2.2 3.02 14.29 3.02 14.29 2.99 14.68 2.95 14.75
 12 2.4 3.18 14.16 3.16 14.27 3.14 14.42 3.11 14.61         
Mean value         
Log KMLL’ = 14.31±0.15, Log KMLL’ = 14.41±0.14, Log KMLL’ = 14.55±0.13, Log KMLL’ = 14.69±0.13
*Values omitted         



2786SAPNATOMAR, SIKARwAR., Orient. J. Chem.,  Vol. 34(6), 2782-2788 (2018)

Table 3 : System: 1:1:1, M(II)-EdTA-MLA
[M(II) = Co(II), Ni(II), Cu(II) and Zn(II)]

Temperature = 35±1oC, µ = 0.1M kNO3, kOH = 0.1M
Concentration = Co(II)/ Ni(II)/ Cu(II)/Zn(II) = EdTA = MLA = 5x10-3 M

S.No. M             Co(II)-EDTA-MLA          Ni(II)-EDTA-MLA       Cu(II)-EDTA-MLA      Zn(II)-EDTA-MLA
  pH Log KMLL’ pH Log KMLL’ pH Log KMLL’ pH Log KMLL’

  1 0.2 2.38 13.78* 2.35 14.15 - - 2.31 14.54*
  2 0.4 2.43 13.85 2.42 13.97 2.41 14.10 2.40 14.17
  3 0.6 2.49 13.83 2.47 14.03 2.45 14.21 2.45 14.21
  4 0.8 2.55 13.82 2.53 14.01 2.51 14.19 2.49 14.35
  5 1.0 2.61 13.86 2.59 14.03 2.57 14.04 2.55 14.47
  6 1.2 2.67 13.89 2.65 14.07 2.64 14.15 2.61 14.38
  7 1.4 2.73 13.98 2.71 14.15 2.70 14.22 2.68 14.37
  8 1.6 2.81 13.98 2.79 14.12 2.76 14.34 2.74 14.37
  9 1.8 2.91 13.85 2.89 14.00 2.86 14.21 2.84 14.34
 10 2.0 3.01 13.85 2.97 14.14 2.95 14.27 2.94 14.34
 11 2.2 3.11 13.95 3.10 14.02 3.08 14.17 3.05 14.20
 12 2.4 3.27 13.82 3.24 14.02 3.24 14.02 3.21 14.23

Mean value
Log KMLL’ = 13.93±0.11, Log KMLL’ = 14.06±0.09, Log KMLL’ = 14.18±0.16, Log KMLL’ = 14.32±0.15
*Values omitted 

Table 4 : System: 1:1:1, M(II)-CdTA-CCA
[M(II) = Co(II), Ni(II), Cu(II) and Zn(II)]

Temperature = 15±1oC, µ = 0.1M kNO3, kOH = 0.1M
Concentration = Co(II)/ Ni(II)/ Cu(II)/Zn(II) = CdTA = CCA = 5x10-3 M

S.No. M                Co(II)-CDTA-CCA        Ni(II)- CDTA-CCA      Cu(II)- CDTA-CCA      Zn(II)- CDTA-CCA  
  pH Log KMLL’ pH Log KMLL’ pH Log KMLL’ pH Log KMLL’

   1 0.2 2.25 16.46 2.24 16.55 2.24 16.55 2.23 16.73
   2 0.4 2.3 16.42 2.29 16.51 2.28 16.6 2.28 16.6
   3 0.6 2.36 16.33 2.34 16.5 2.32 16.66 2.32 16.66
   4 0.8 2.42 16.27 2.4 16.43 2.39 16.51 2.37 16.67
   5 1 2.48 16.24 2.46 16.4 2.45 16.48 2.44 16.57
   6 1.2 2.54 16.25 2.52 16.41 2.5 16.55 2.49 16.63
   7 1.4 2.6 16.3 2.59 16.37 2.56 16.59 2.55 16.65
   8 1.6 2.69 16.16 2.66 16.39 2.64 16.53 2.63 16.6
   9 1.8 2.77 16.16 2.75 16.31 2.73 16.46 2.71 16.59
  10 2 2.86 16.22 2.84 16.36 2.82 16.5 2.8 16.63
  11 2.2 2.99 16.09* 2.96 16.29 2.93 16.5 2.91 16.63
  12 2.4 3.15 15.95* 3.1 16.29 3.08 16.46 2.96 16.57         
Mean value         
Log KMLL’ = 14.68±0.12, Log KMLL’ = 14.79±0.14, Log KMLL’ = 14.90±0.10, Log KMLL’ = 15.03±0.14  
*Values omitted         

Thermodynamic Parameters
 More appropriate interpretation of data can 
be done on the basis of thermodynamic parameters. 
Hence, the thermodynamic parameters namely 
change in free energy (DGo), change in enthalpy 
(DHo) and change in entropy (DSo) have been 

calculated and recorded in Table 7. 

 The negative values of DHo indicate 
exothermic nature of reaction while the negative 
values of DGo indicate spontaneity of the reaction 
of all the cases and positive values of DSo shows 
covalent bond formation in the reaction. 
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Table 5 : System: 1:1:1, M(II)-CdTA-CCA
[M(II) = Co(II), Ni(II), Cu(II) and Zn(II)]

Temperature = 25±1oC, µ = 0.1M kNO3, kOH = 0.1M
Concentration = Co(II)/ Ni(II)/ Cu(II)/Zn(II) = CdTA = CCA = 5x10-3 M

S.No. M             Co(II)-CDTA-CCA    Ni(II)- CDTA-CCA      Cu(II)- CDTA-CCA       Zn(II)- CDTA-CCA 
  pH Log KMLL’ pH Log KMLL’ pH Log KMLL’ pH Log KMLL’

  1 0.2 - - - - - - - -
  2 0.4 2.36 16.24 2.35 16.33 2.34 16.42 2.34 16.41
  3 0.6 2.42 16.17 2.4 16.35 2.4 16.34 2.39 16.43
  4 0.8 2.48 16.13 2.46 16.29 2.45 16.37 2.43 16.53
  5 1 2.54 16.12 2.54 16.12 2.51 16.36 2.5 16.44
  6 1.2 2.6 16.1 2.59 16.22 2.56 16.45 2.55 16.52
  7 1.4 2.66 16.14 2.65 16.28 2.63 16.43 2.61 16.57
  8 1.6 2.75 16.1 2.72 16.31 2.7 16.45 2.68 16.59
  9 1.8 2.84 16.04 2.83 16.11 2.8 16.32 2.76 16.59
 10 2 2.92 16.17 2.9 16.3 2.89 16.37 2.88 16.43
 11 2.2 3.05 16.04 3.02 16.25 3 16.31 2.99 16.45
 12 2.4 3.2 15.98* 3.16 16.24 3.15 16.31 3.13 16.57         
Mean value         
Log KMLL’ = 16.14±0.10, Log KMLL’ = 16.23±0.12, Log KMLL’ = 16.38±0.07, Log KMLL’ = 16.50±0.09   
*Values omitted         

 Table 6: System: 1:1:1, M(II)-CdTA-CCA
[M(II) = Co(II), Ni(II), Cu(II) and Zn(II)]

Temperature = 35±1oC, µ = 0.1M kNO3, kOH = 0.1M
Concentration = Co(II)/ Ni(II)/ Cu(II)/Zn(II) = CdTA = CCA = 5x10-3 M

S.No. M           Co(II)-CDTA-CCA       Ni(II)- CDTA-CCA       Cu(II)- CDTA-CCA          Zn(II)- CDTA-CCA 
  pH Log KMLL’ pH Log KMLL’ pH Log KMLL’ pH Log KMLL’

  1 0.2 - - - - - - - -
  2 0.4 2.42 16.05 2.41 16.15 2.4 16.42 2.38 16.45
  3 0.6 2.49 15.89 2.46 16.2 2.45 16.34 2.45 16.25
  4 0.8 2.54 16.01 2.52 16.12 2.5 16.37 2.49 16.44
  5 1 2.62 15.85 2.59 15.92 2.57 16.36 2.55 16.44
  6 1.2 2.68 15.92 2.68 16.01 2.65 16.45 2.63 16.32
  7 1.4 2.74 16.01 2.74 15.99 2.72 16.43 2.71 16.3
  8 1.6 2.82 15.99 2.82 16.16 2.81 16.45 2.79 16.25
  9 1.8 2.9 16.02 2.88 16.16 2.86 16.32 2.85 16.37
 10 2 3 16.02 2.98 16.11 2.95 16.37 2.95 16.36
 11 2.2 3.11 16.04 3.1 16.12 3.08 16.31 3.06 16.38
 12 2.4 3.25 16.05 3.24 16.24 3.21 16.31 3.19 16.44         
Mean value         
Log KMLL’ = 15.95±0.10, Log KMLL’ = 16.06±0.14, Log KMLL’ = 16.21±0.15, Log KMLL’ = 16.35±0.10
*Values omitted         

Section b:
System: 1:1:1, M(II)-CdTA-CCA
[where M(II) = Co(II), Ni(II), Cu(II) and Zn(II)]
CDTA =1,2-diaminocyclohexane-N,N,N’,N’-
tetraacetic acid 
CCA = Citraconic acid 

 Curve a (Figs. 1-4) representing the  
pH-metric titration of metal nitrates. Curves 
crepresents the pH-metric titration of the free 
dicarboxylic acid CCA (Figs. 1-4) and curve e for 1:1, 
M(II)-CCA system (Figs. 1-4) attribute the pH-metric 
titration of 1:1, M(II)-CCA system.

 Absence of any inflection on the curve b 
(Figs. 1-4) showing the titration of tripotassium 
cyclohexanediamine-N,N,N’,N’-tetraacetate indicates 
the non-labile nature of the remaining carboxylic 
proton, which may be ascribed to its attachment 
to one of the tertiary nitrogen atoms (Sharma and 
Tandon, 1973). Curve d (Figs. 1-4) corresponds to 
the potentiometric titration of equimolar 1:1, mixture 
of metal nitrate and tripotassium salt of CDTA. An 
extensive lowering in the initial pH and a well-defined 
inflection at m=1 may be attributed to the formation 
of a soluble 1:1, M(II)-CDTA species. 
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Table 7 : Stability constants and thermodynamic parameters of studied systems

S.No. Systems, 1:1:1              Log KMLL’                              -DH  - DG (K.Cal/mole)
  15oC 25oC 35oC -DH1 -DH2 15oC 25oC 35oC

   1 Co(II)-EDTA-MLA 14.69 14.32 13.93 14.51 15.95 19.32 19.49 19.64
   2 Ni(II)-EDTA-MLA 14.78 14.42 14.06 14.91 14.70 19.46 19.64 19.80
   3 Cu(II)-EDTA-MLA 14.87 14.51 14.15 13.74 15.54 19.60 19.82 19.96
   4 Zn(II)-EDTA-MLA 15.05 14.60 14.33 13.34 15.53 19.77 20.01 20.09

Table 8: Stability constants and thermodynamic parameters of studied systems

S.No. Systems, 1:1:1              Log KMLL’                                 -DH   -DG (K.Cal/mole)
  15oC 25oC 35oC -DH1 -DH2 15oC 25oC 35oC

  1 Co(II)-CDTA-CCA 16.31 16.13 15.95 6.67 7.98 21.65 22.16 22.61
  2 Ni(II)- CDTA-CCA 16.41 16.22 16.05 7.45 7.14 21.62 22.10 22.61
  3 Cu(II)- CDTA-CCA 16.54 16.36 16.22 7.05 7.14 21.80 22.32 22.83
  4 Zn(II)- CDTA-CCA 16.65 16.50 16.35 5.88 5.87 21.92 22.48 23.02

M2++CDTA3-+OH- [M2+- EDTA4-]+H2O

Ternary Systems
     Curve f (Figs. 1-4) represents the 
potentiometric titration of 1:1:1, M(II)-CDTA-CCA. 
An appreciable drop in the initial pH and an inflection 
at m=2 may be due to the simultaneous chelation 
of CDTA and CCA to the metal ion resulting in the 
formation of a protonated 1:1:1, M(II)-CDTA-CCA 
ternary species in the lower buffer region. It appears 
that one of the carboxylic protons of the dibasic acids 
remains non-labile during this process. Another 

inflection at m=3 on the same curve may be ascribed 
to the deprotonation of the initially formed soluble 
protonated heteroligand species.

M+2+ CDTA3-+ H2A+ 2OH- [CDTA4-- 
M+2- HA-1]+ 2H2 O

[CDTA4-)- M+2- HA-1]+OH-  [CDTA4-- M+2-

A2-]+ H2O

 (where H2A = CCA and M(II) = Co(II), Ni(II), 
Cu(II) and Zn(II)). 
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