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Abstract 

The stability constants of binary and ternary chelates of Iminodiacetic acid (IMDA) and 3,5-

Dinitrosalicylic acid (3,5-DNSA) with lanthanide (III) (Ln=La (III), Ce (III), Pr (III), Nd (III), Sm 

(III), Gd (III), Dy (III), Er (III) and Yb (III) ) have been evaluated pH-metrically, using Ramamoorthy 

and Santapa
 
  method in aqueous solutions at temp 30.0 ± 0.5 °C in an ionic strength µ=0.10 M 

KNO3 The binary formation constants of metal chelates of lanthanides with these ligands have been 

determined individually and ternary formation constants have also been reported in which 

Iminodiacetic acid (IMDA) acts as primary ligand whereas, 3,5- dinitrosalicylic acid (3,5-DNSA) as a 

secondary ligand. Stability Constants are discussed in terms of basicity of ligand, statistical and 

stereochemical phenomenon. Thermodynamics parameter like change in free energy (∆G) have also 

been evaluated and discussed. 
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I. Introduction 

The inner coordination shell of lanthanides normally contains 8 to 9 waters of hydration, 

some of which are displaced during complexation which leads to the development of a ternary 

complex1-4. In comparison to the development of binary complexes, the complexation of lanthanides 

with carboxylate ligands to generate ternary complexes has received more attention5-7. Moreover, 

Iminodiacetic acid (IMDA) and 3,5-Dinitrosalicylic acid (3,5-DNSA) are very interesting ligands 

since, they contain multiple potential binding sites for chelation.  The lanthanoid cations have hard 

acidic nature which facilitates their interaction with hard bases having oxygen as donor atom such as 

salicylates and acetates4, 8, 9. Mohamed taha et al. have designed some Eu(III) complexes with gallic 

acid and amino acids like alanine, leucine, isoleucine, and tryptophan which were further studied by 

glass electrode potentiometry and their overall stability constants were calculated to be 17.29, 11.33, 

17.23, and 21.52, respectively10. The stability constant of the immobilized metal ion chelate 

complexes can be influenced by different factors such as, composition of  buffer, nature of ligands, 

pH, solvents, temperature, ionic strength and effect of metal ions as well11, 12. Formation 

thermodynamics of binary and ternary lanthanide(III) complexes with 1-10 phenanthroline (phen) and 

chloride ion have also been reported by titration Calorimetry, Spectrophotometry by researchers13 in 

N,N- dimethylformamide. The stability constant of metal chelates of Cephlexin, an antibiotic   drug   

with   bivalent   transition   metals   have   been   evaluated   pH - metrical1y14. Stability constants of 

complexes of copper, nickel etc. with Succinylsulfathiazole have also been determined 

potentiometrically by invastigators15. Mixed ligand complexes of lanthanides with 

poly(aminocarboxy1ic) acids have been studied using Absorption Spectroscopy by reseachers16. 

International Confereces17 on Coordination Chemistry have developed a vast field in which large 

number of chelates and their stability constants have been reported. Absorption spectral study of 

mixed ligand complexes of some lanthanides with polyamine polycarboxylic acids have been reported 

by investigators18.Binary and ternary complexes of lanthanides with poly (amino carboxylic) acid in 

presence of acetylacetone have also been reported recently by researchers19-24. The present 

communication reports the results of the study of Ln-IMDA-3,5-DNSA equilibria in solutions using 

Irving-Rossotti method25 for determination of protonation constant of ligands and then Ramamoorthy 

and Santapa1 method helps to determine the formation constants of binary and ternary chelates. 
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Experimental Section 

The lanthanides were supplied by Indian Rare Earths Ltd. (99.99 % purity) and other 

chemicals also standard purity (BDH Analar, E. Merck G.R., Fluka). The composition of Lanthanide 

nitrates reported as La(NO3)3.6H2O, Ce(NO3)3.9H2O, Pr(NO3)3.6H2O, Nd(NO3)3.6H2O, Sm(NO3)3. 

6H2O,Gd(NO3).9H2O Dy(NO)3.6H2O, Er(NO3).6H2O and Yb(NO3)36H2O and solutions were 

prepared by dissolving in double distilled water and standardized gravimetrically  by precipitating the 

metal oxalates and subsequently ignition and weighing as metal oxides. Solutions of lanthanides 

nitrates, Iminodiacetic acid and 3,5-dinitrosalicylic acids of required strength (0.005 M) were 

prepared by direct weighing. Nitric acid (0.004M) was prepared from stock solution was standardized 

against standard sodium hydroxide solution. Similarly, potassium nitrate of (2M) strength was 

prepared and from which desired ionic strength of medium maintained. During present work, the pH 

titrations were carried out at 30.0 ± 0.5 °C with the help of digital pH meter 335 systronics using a 

combined electrode and calibrated by using buffer tablets of pH 4.0 and 9.0. The experiments were 

performed in specially designed double walled beaker of capacity 250 ml made of borossil glass. All 

titration were performed in duplicate in order to established the reproducibility of the measurements, 

keeping the total volume 50.0 ml in each titration. The following sets of solution were prepared and 

titrated against standard alkali (0.4M) in order to determine the protonation constant of ligands by 

Irving and Rossotti method at different ionic strengths. 

 

(i) 0.004M HNO3 

(ii) 0.004M HNO3 + 0.003M ligand IMDA/ 3,5-DNSA 

(iii) 0.004M HNO3 + 0.003M ligand IMDA/ 3,5-DNSA+ 0.0005M metal ion solution. 

 

Potassium nitrate solution added as required to maintained ionic strengths (µ=0.05, 0.10, 0.15, and 

0.20M). The formation constants log KMA,  log KMB  and log KMAB for ternary complexes have been 

determined byRamamorthy and Santapa method using following titrations at ionic strength 0.10M 

KNO3 

 

(i)  0.004M HNO3 

(ii)  0.004M HNO3 +0.0005M IMDA /3,5-DNSA 

(iii)  0.004M HNO3 +0.0005M IMDA /3,5-DNSA+0.0005 M metal ion  

(iv)  0.004M HNO3 +0.0005M IMDA +0.0005M 3,5-DNSA + 0.0005 M metal ion for ternary 

systems. Different values were refined by computational techniques such as interplotation 

at half n values, the point-wise method, curve fitting method and correction term method.  

 

II. Results and Discussion 

During present research work, Bjerrum-Calvin26, 27 pH-metric titration technique as modified 

by Irving and Rossotti25 have been used in the determination of protonation constant(s) of ligands 

under the conditions similar to those for the determination of metal stability constant(s). The main 

advantage of the pH-titration technique is that the measurements are quick and the instruments are 

less expensive. In order to determine the metal-ligand stability constants, a prior knowledge of the 

dissociation constants of the ligand is essential. The protonation constants log K 1
H  and logK2

H of 

iminodiacetic acid and 3,5-dinitrosalicylic acids, each having two replaceable hydrogen atoms 

represented by H2 L. Follow the following equilibria. 

 

L2- + H+ ⇋ HL-;K1
H =   [ HL-]/[L2-] [H+]= 1/Ka2 

HL- +H+
⇋ H2L;K2

H = [H2L]/[HL-] [H+]= 1/Ka1 

  

In the logarithmic forms: 

 

log K1
H  =  - log Ka2 or pKa2 and log  K2

H = - log Ka1 or pKa1 

The proton-ligand stability constants of these ligands are determined by same set of experiments using 

the acid curve and ligand titration curves, then the proton-ligand formation curves are obtained by 
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plotting the values of nA versus pH. From these formation curves proton-ligand stability constants 

(log k1
H and log k2

H) of Iminodiacetic acid and 3,5-Dinitrosalicylic acid determined at different ionic 

strengths (µ = 0.05, 0.10, 0.15 and 0.20 M KNO3) at temp 30.0 ± 0.5 °C by Irving and Rossoti method 

using different computational techniques and reported in table 1. 

 
Table 1. Proton ligand Stability Constants of Iminodiacetic acid and 3,5-Dinitrosalicylic acid at 

various ionic strengths (30.0 ±0.5 °C) 
 

Method used 

 

 

 

log 

µ= 0.05 

 

k1 H     log k2
H 

µ= 0.10 

 

log k1
H   

log k2
H 

 

 

 

  µ= 0.15 

 

log k1 H   log k2
H 

µ=020 

 

log k1
H   log k2

H 

 

1)Interpolation 9.45 2.60 9.36 2.54  9.30 2.48 9.25 2.45 

At half nA  values 7.32 2.20 7.25 2.10 7.18 2.05 7.10 1.95 

2) Point-wise 9.45 2.62 9.37 2.57  9.31 2.50 9.25 2.43 

Calculation 7.34 2.34 7.29 2.24 7.21 2.13 7.14 2.09 

3) Correction term 9.45 2.62 9.37 2.57  9.31 2.50 9.25 2.43 

Method 7.36 2.34 7.29 2,24 7.19 2.1 4 7.14 2.04 

4) Curve fitting 9.44 2.58 9.35 2.52  9.28 2.47 9.24 2.41 

Method 7.26 2.20 7.18 2.08 7.22 2.00 7.18 1.98 

Mean values        

Iminodiacetic acid 9.45 2.60 9.36 2.55 9.30 2.49 9.25 2.42 

 
±0.01 ±0.02 ±0.01 ±0.03 ±0.02 ±0.02 ±0.01 ±0.01 

3,5-Dinitrosalicy1ic 7.32 2.27 7.25 2.16 7.20 2.08 7.14 2.00 

acid ±0.06 ±0.07 ±0.07 ±0.10 ±0.02 ±0.06 ±0.04   ±10.05 

 

These results resemble with the values reported in earlier literature. The effects of different ionic 

strengths of the medium observed on protonation constants and results indicate that values decrease with 

increase in ionic strength of the medium, which indicates the vital role of medium in chelation reaction. 

Stability constants of binary (1: I) systems of tervalent lanthanides determined with Iminodiacetic 

acid and 3.5-Dinitrosalicy1ic acid at ionic strength (µ = 0.10 M KNO3) and temp. 30.0 ± 0.5 °C 

individually by Ramamoorthy and Santapa method. The formation constants log KMA and log KMB 

were determined by using expression. 

KMA      =    TM- [A0].X / [A0]2.X 

KM B     =     TM - [B
0].X / [B0]2. X 

 

Where total free ligand concentrations 

 

A0     =      2TL   + P  -TOH - [H
+] /  ([H+] / K2) +  (2[H+]2 / K1 K2) 

X      =    1 + [H+]/  K2  +  [H+]2/ K1 K2 
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Where 

 

TM      =     [metal ion] total 

 

 

 

 

 

 

 

 

 

 

 

K1 and K2 are first and second dissociation constants of the ligands. 

Stability constants of ternary (1:1:1) chelates of tervalent lanthanides with Iminodiacetic acid which 

acts as a primary ligand and 3,5-dinitrosalicylic acid as secondary ligand, determined by using an 

expression and values of KMAB were determined. 

KMAB = TM – [½ [A°].X] / (½)3 [A0]3 X 

 

Where, A0 is total primary and secondary free ligands concentration. The values of stability constants 

log KMA and log KMB for binary and log KMAB for ternary complexes have been determined with the 

help of various computer programs in C language. The change in the free energies of formation were 

determined by using the following expression 

 

∆G0 = - 2.303 RT log KMA \ KMB \ log KMAB  

 

For binary and ternary complexes results reported in table 2.  

 

Table 2. Formation constants and change in Free Energies of binary and ternary complexes of 

tervalent lanthanides with Iminodiacetic acid and 3, 5-Dinitrosa1icylic acid. 
 

System Stoichiometry pH range log K -∆G0(Kcal/mole) 

La(111)-IMDA 1:1 1.90-2.26 10.39±0.10 14.4110±0.1387 

Ce(III)-IMDA 1 :1 1.80-2.28 10.41±0.13 14.4387±0.1803 

Pr(III)-IMDA 1:1 1.85-2.65 10.37±0.14 14.3832±0.1942 
 

Nd(III)-IMDA 1:1 1 75-2.17 10.45±0.18 14.4942±0.2497 

Sm(III)-IMDA 1:1 1.68-1.98 l0.51±0.12 14.5774±0.1664 

Gd(III)-IMDA 1: l 1.71-2.09 10.48±0.13 14.5358±0.1803 

Dy(III)-IMDA 1:1 1.69-2.11 10.49±0.15 14.5497±0.2081 

Er(III)-IMDA 1 :1 1.63-1.93 10.54±0.13 14.6190±0.1803 

Yb(III)-IMD.'\ 1 :1 1.58-1.96 10.56±0.14 14.6467±0.1942 

La(III)-3,5-DNSA 1:I 2.60-2.95 08.48±0.29 11.7618±0.4022 

Ce(III)-3,5-DNSA 1:1 2.50-2.65 08.16±0.13 11.3179±0.1803 

Pr(III)-3,5-DNSA 1 :1 2.55-2.70 08.30±0.l 8 11.5121±0.2497 

Nd(III)-3,5-DNSA 1:1 2.47-2.62 08.11±0.11 11.2486±0.1526 

Sm(III)-3,5-DNSA 1:1 2.41-2.96 08.26±0.40 11.5467±0.5548 

Gd(III)-3,5-DNSA 1:1 2.55-2.99 08.34±0.59 11.5676±0.8183 

A° = [free 1igand]total 

TOH = [NaOH] 

TL = [ligand]total 

[H+] = [free hydrogen ion] 

P = [HNO3] initial also TM  = TL 
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Dy(III)-3,5-DNSA 1 :1 2.43-2.98 08.26±0.57 11.5467±0.7906 

Er(III)-3,5-DNSA 1 :1 2.37-2. 72 08.09±0. 32 11.2209±0.4438 

Yb(III)-3,5-DNSA I: 1 2.33-2.68 08.03±0.25 11.1376±0.3467 
 

La(III)-IMDA-3,5-DNSA 1:1:1 5.30-6.00 10.61±0.36 14.71 61±0.4995 

Ce(III)-IMDA-3,5-DNSA 1:1:1 5.68-6.25 10.81±0.19 14.9935±0.2635 

Pr(III)-IMDA-3,5-DNSA 1:1:1 5.71-6.26 10.77±0.I 9 14.9380±0.2635 

Nd(III)-IMDA-3,5-DNSA 1:1:1 5.65-6.16 10.79± 0.1 2 14.9657±0.1664 

Sm(III)-IMDA-3,5-DNSA 1:1:1 5.53-6.10 10.99±0.17 15.2431±0.2358 

Gd(III)-IMDA-3,5-DNSA 1:1:1 5.77-6.24 10.97±0.28 15.2 l 54±38840 

Dy(III)-IMDA-3,5-DNSA 1:1:1 5.55-6.14 10.90±0.19 l5.1599±0.2635 

Er(III)-IMDA-3,5-DNSA 1:1:1 5.50-6.22 11.04±0.20 15.3125±0.2774 

Yb(III)-IMDA-3,5-DNSA 1:1:1 5.45-6,21 11.09±0.32 15.3818±0.4438 

 

The potentiometric curves of nine trivalent lanthanides involved found to be very similar in 

nature for binary and ternary systems. When curves obtained by plotting graph, pH versus volume of 

alkali added indicated inflection at m = 5.0for acid curve and at m = 6.0 for ligand curves confirmed 

the formation of 1:1 binary complexes. m being the number of moles of base added per mole of the 

metal ion. 

The ternary system of Ln (III)-IMDA-3,5-DNSA showed inflections in curves at m = 7.0 

indicating the formation of 1:1:1 ternary complexes. The formation of heteroligand-metal complexes in 

these systems is further evidenced by (i) lowering in pH in comparison with the binary versus ternary 

systems. (ii) non-appearances of solid phase during the titration. 

A perusal of these results indicates that the values of log kMAB (Ln(III)- IMDA-3,5-DNSA) are 

higher than those of log KMA or log KMB system, indicating more stability of ternary systems. The 

ligand stability constants for different Ln(III) ions show an increasing trend as La < Ce = Pr < Nd ≤  

Sm < Gd < Dy < Er < Yb, according to lanthanide contraction. Anomalous behavior of cerium ion is 

probably due to tendency of cerium towards quadrivalency. The metal — ligand stability constants 

also indicate a break at or near Gd(III) ion. This may due to either half-filled arrangement (4 f7) of 

Gd(III)ion or change in ionic radii centering at Gd(III)ion, which can allow a change in coordination 

number of the cation. A comparison of metal ligand stability constants indicates that ternary 

complexes (1:1:1) are more stable than binary complexes (1:1). Metal ligand stability constants for 

Ln (III)-IMDA systems are higher than Ln (III)- 3,5-DNSA systems for binary complexes due to 

steric hinderances caused by large groups of 3,5- DNSA but for ternary complexes Ln (III)- IMDA-

3,5-DNSA systems metal ligand stability constants are higher due to extended exocyclic conjugation 

caused by two nitro groups of 3,5-dinitrosalicylic acid. The negative values of ∆G0 indicate that the 

driving tendency of the complexation reaction is favourable and the reaction tends to proceed 

spontaneously. 
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