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The successive chelate formation constants for In(III)- and Eu(III)-IDA complexes were 
obtained by potentiometric titration and calculation by Bjerrum's method. The values of log K1 
and log K2 for the In(III)-IDA complex are 9.54 and 8.87, and those for the Eu(III)-IDA 
complex are 6.22 and 4.72, respectively. The electrode reactions of these complexes were 
studied polarographically and found to be irreversible and diffusion-controlled. The ionic states of 
these complexes before reduction in the vicinity of the electrode surface were estimated to be

[InY2(OH)]2- or InY2- and Eu(H2O)x3+. The rate constant, (kf°)B, of the electron transfer

for the Eu(III)-IDA complex was calculated to be  1.3×10-20crosec-1.

The polarography of complexes of some metal 
ions (e. g., zinc(II) and cadmium(II)1)) with 
iminodiacetic acid (IDA) and the chelate forma-
tion constants of IDA complexes of rare earths) 
and some other metal ions3) obtained by potentio-
metric titration have been investigated by serveral 
workers. In this paper, polarographic studies 
of indium(III)- and europium(III)-IDA complexes, 
of their electrode reaction, the rate constant, and 
the ionic state in the vicinity of electrode surface, 
are presented. The chelate formation constants 
_for these complexes have also been determined 
by using Bjerrum's method. 

Experimental 

Reagents.-Stock solutions of indium(III) and 
-europium(III) were prepared by dissolving metal 
perchlorates (more than 99.9% pure in distilled water; 
they were standardized volumetrically. The concentra-
tion of each stock solution was 0.01 as. Reagent-grade 
IDA (made by Wako Pure Chemical Industries) was 
used without any further purification. 

A stock solution of monopotassium iminodiacetate 
(IDA-1K salt) was prepared by neutralizing IDA 
with a potassium hydroxide solution, and the concentra-

tion of IDA was adjusted to 0.5 at. A borate buffer 
(H3BO3-KCl-KOH) was used to adjust the pH of the
solution. The ionic strength (fit)was adjusted with

potassium chloride. A carbonate-free potassium 
hydroxide solution was prepared by the ion-exchange 
method.4) All the other chemicals used were of an 
analytical reagent grade. 

Apparatus. -A Yanagimoto PA-102 pen-record-
ing polarograph was used to record the current-voltage 
curves. An H-type cell connected with a saturated 
calomel electrode (SCE) was used. The capillary 
used had a flowing weight, m, of mercury of 1.474 mg. 
sec-1 and a drop time, td, of 4.97 sec. drop-1 at the 
applied potential of -1.1 V. vs. SCE in an air-
free 0.05 M IDA solution at a corrected height (hcorr.) 
of the mercury column of 68.41 cm. The measurement 
of the pH was made with a Hitachi pH meter, EHM-1 
type. A titration apparatus consisting of a Horiba 
pH meter, P type, a titration vessel, and a thermostat 
was used. The titration vessel was a 150 ml. beaker 
fitted with a rubber stopper with holes for electrodes, 
a microburet, a thermometer, a gas inlet and outlet 
tubes; it was enveloped with a water jacket to maintain
the solution at 25.0±0.1℃during the measurements.

Procedure. - Potentiometric Titration.-Solutions of 

1 : 1, 1 : 2, 1 : 3 and 1 : 5 ratios of metal ion to IDA 
were used. A sample solution was made up to 50 ml. 
or 100 ml., where the ionic strength was kept at 0.3 by 

the addition of potassium chloride. Purified nitrogen
1) K. W. Bernaver, D. Walz and S. Fallab, Helv. 

-Chim. Acta, 41, 2094 (1958). 
2) L. C. Thompson, Inorg. Chem., 1, 490 (1962). 

  3) S. Chaberek, Jr., and A. E. Martel, J. Am. 
Chem. Soc., 74, 5052 (1952).

4) A. Albert and E. P. Serjeant, "Ionization Con-
stants of Acids and Bases," Methuen and Co., Ltd., 
London (1962).
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gas was passed through the solution; the solution was 
meanwhile being stirred in order to remove any carbon 
dioxde from the solution. Then the solution was titrated 
with 0.1 N potassium hydroxide, and the pH was 

measured. All experiments were carried out at a
constant temperature of 25,0±0.1℃.

Polarography.-To a solution indium(III) or europium-
(III) containing an appropriate quantity of IDA, a 
borate buffer solution was added in order to adjust the 
pH to the required value. Potassium chloride was also 
added to keep an ionic strength of 0.3.The solution
was prepared at 25.0±0.1℃, and purified nitrogen

gas was passed through the solution for about 30 min. 
in order to remove any dissolved oxygen before a polaro-

gram was recorded.

Results and Discussion 

Potentiometric Titration.-The acid dissocia-
tion constant and the chelate formation constant 
were determined by the method outlined by 
Chabereck and Martel.3) 

The Dissociation Constant of IDA. - The dis-
sociation constant of IDA was calculated by a 
direct algebraic method, using a titration curve. 
The values obtained were pk1=3.01 and pk1=
9.60*at 25.0±0.1℃ and μ=0.3(KCl).

Fig. 1. Titration curves. 
1) IDA, 2) [Eu3+]/[IDA]=1/3, 
3) [In3+]/[IDA]=1/5
a=moles of base added per mole of acid.

The Chelate Formation Constant. -The chelate 
formation constant was calculated by using 
Bjerrum's method. In a solution with a 1 : 1 
ratio of metal(III) to IDA, a hydrolytic buffer 
region appeared. However, from the solution 
with a 1 :5 ratio of indium(III) to IDA or a 
I : 3 ratio of europium(III) to IDA, it disappeared, 
as Fig. 1 shows. The formation functions for 
In(III)- and Eu(III)-IDA complexes, plotted in 
Fig. 2, give a clear indication of the formation of

Fig. 2. Formation functions. 
1) Eu(III)-IDA complex, 2) In(III)-IDA com-

plex. n=average number of donor groups bound 
per metal ion present. pY=negative logarithm 
of anion concentration, Y2-. 

the 1 : 1 and 1 : 2 complexes. The values of the 
successive chelate formation constants obtained 
are as follows :

Polarography.-Typical polarograms of In(III)-
and Eu(III)-IDA complexes in borate buffer 
solutions are shown in Fig. 3. 

Each complex ion shows a single reduction wave. 
The half-wave potentials for In(III)- and Eu(III)-
IDA complexes shifted to the more negative side 
than that of the reduction wave of the correspond-
ing metal aquo ion.

Fig. 3. Current-voltage curves of indium(III) and 
europium(III) in 0.05 M IDA solution. 
1) [In3+] =0.5 mm, pH=9.2; 2) [Eu3+] =0.5 mm, 
pH=11.0

The Dependence of the Limiting Current on the Pres-
sure of the Dropping Mercury Electrode.-The relation 
between limiting currents and various heights of 
the mercury column is shown in Table I.

* L .C. Thompson reported that pk1=2.58 and

pk2=9.33 at 25℃ and that μ=0.1(Re£2).

** L. C. Thompson: log K1=6.73 and logK 2= 
5.38 (Ref. 2).
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TABLE I. DEPENDENCE OF LIMITING CURRENT 

ON THE HEIGHT OF MERCURY COLUMN

The values of il/√hcorr. were found to be 0.395

±0.001 μ amp. cm-1/2 for the In(III)-IDA com-

plex and 0.0758±0.0001 μ amp. cm-1/2 fbr the

Eu(III)-IDA complex. These results obviously 
indicate that the limiting currents for both In(III)-
and Eu(III)-IDA complexes are diffusion-con-
trolled. 

Reversibility.-The reversibility of the electrode 
reaction for the In(III)- or the Eu(III)-IDA com-

plex was verified by plotting log il(id-i) vs. E. As 
is shown in Table II, the mean values of the re-
ciprocal slope for the In(III)-IDA complex and 
that for the Eu(III)-IDA complex were found to 
be 0.041 V. and 0.079 V. respectively. The mean 
values of an were, therefore, 1.4 and 0.75 respec-
tively, where a is the transfer coefficient and n, 
the number of electrons associated with the elec-
trode reaction. Consequently, the electrode re-
actions for In(III)- and Eu(III)-IDA complexes 
were irreversible; three electrons change in the 
former, while one electron changes in the latter. 

The Effects of the pH on Reduction Waves.-Polaro-
grams were recorded with 0.5 mm Eu(III) or In-
(III) in 0.05 M IDA solutions at various pH's. 
The results are shown in Table II. The half-
wave potential for the In(III)-IDA complex shifted 
to the more negative side as the pH increased from 
9.2 to 10.6, whereas the half-wave potential for 
the Eu(III)-IDA complex was independent of the 
pH in the pH range from 9.2 to 12.0. The values 
of d(-E1/2)o/dlogCoH- calculated from the ex-
perimental data are as follows:

where (E1/2), is the half-wave potential of complex 
ions and COH_ the concentration of hydroxyl ions. 

 The diffusion current for the In(III)-IDA com-
plex decreased with an increase in the pH. It 
was supposed that the decrease in the diffusion 
current was caused by the precipitation of basic

TABLE II. EFFECTS OF pH ON REDUCTION 

WAVE

substances on the electrode. The diffusion current 
for the Eu(III)-IDA complex, on the other hand, 
was almost the same in the pH range from 10.0 
to 12.0. 

The Effects of the Concentration of IDA on the Re-
duction Wave.-Polarograms were recorded in the 
range of the concentration of IDA from 5 mm 
to 50 mm at pH 9.2 for the In(III)-IDA complex 
and from 30 mm to 60 mm at pH 11.4 for the Eu-

(III)-IDA complex. The results are shown in 
Table III.

TABLE III. EFFECTS OF CONCENTRATION OF IDA 

ON REDUCTION WAVE

Eu3+: 0.5mM, pH=11.4. p=0.3.
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The half-wave potentials for the In(III)-IDA 
complex were independent of the IDA concentra-
tion, but that for the Eu(III)-IDA complex shifted 
to the more negative side with an increase in the 
IDA concentration. Thus:

where CIDA was the concentration of the complexing 
agent, IDA. The diffusion current for the In(III)-
IDA complex increased with increasing IDA con-
centrations, while that for the Eu(III)-IDA com-
plex was almost constant. 

The Electrode Process and the Species of Complex 
in the Vicinity of the Electrode Surface. -If an ir-
reversible electrode process for the metal M(III) 
complex takes place according to the following 
scheme:

(1)

where p is the maximum number of ligands (Xb-) 
attached to a metal ion in the bulk solution; q, 
the number of ligands attached to a metal ion in the 
vicinity of the electrode surface, and n, the number 
of electrons associated with the electrode reaction, 
an equation derived by Matsuda and Ayabe5) 
for the current-voltage curve due to an irreversible 
electrode reaction of a complex ion is applicable. 
Therefore, as the electrode reaction of In(III)-
or Eu(III)-IDA complex is irreversible and diffu-
sion-controlled, the half-wave potential, (E1/2)c, 
is given by Eq. 25):

(2)

where (kof)B is the forward reduction rate constant 
of the electron transfer process at the potential of 
the normal hydrogen potential; DMxp, the diffusion

coefficient of the complex metal ion, MXp3-pb;. 
td, the drop time; Cx, the concentration of the com-
plexing agent, and fMxp and fx, the activity coef-
ficients of the complex metal ion and the complexing 
agent respectively. From Eq. 2, a plot of -(E1/2)r 
vs. log(fgCR) should produce a straight line with 
a slope equal to (p-q) 2.3 RT/an F; the value of 
the tangent for -(E1/2)5 vs. log f,,C,, is given by:.

As the electrode reaction for the In(III)-IDA 
complex is an irreversible three-electron change 
(n=3) and is independent of the IDA concentra-
tion between 5 mm to 50 mm, the value of (p - q) for 
OH in the case of the In(III)-IDA complex was 
calculated to be about 1, by using the observed 
value, 1.4, of an in the pH range from 9.2 to 10.6. 
On the assumption that p=2 or p=1 for OH, for 
example, the [InY2(OH)]2- or InY2- species would 
participate in the electron transfer process, where 
H2Y indicates IDA. On the other hand, as the 
electrode reaction for the Eu(III)-IDA complex is 
irreversible, of a one-electron change (n=1), and 
independent of pH values from 9.2 to 12.0, the 
value of (p - q) for IDA was calculated to be about 
2, by using the observed value, 0.77, of an in the 
range of the IDA concentration from 30 mm to 
60 mm. Therefore, if it is assumed that p=2 
for IDA, for example, the Eu(H2O)x3+ species 
would participate in the electron transfer process, 
the transfer coefficient, a, being equal to 0.77. 

  The value of the forward rate constant, (k f) B, 
of the electron transfer process for the Eu(III)-
IDA complex was calculated for the IDA concentra-
tion of 0.05 M with the value of the half-wave po-
tential of -1.178 V. vs. NHE; a diffusion 
coefficient of the Eu(III)-IDA complex, DMxp,
of 1.16×10-6  cm2 sect, and a drop time of 3.91

sec., provided that fMxP=fx=1. The value ob-
tained was:

5) H. Matsuda and Y. Ayabe, Z. Flektrochem. 
63, 1164 (1959).

In conclusion, the above results indicate that the 
species which participate directly in the electron 
transfer process are mainly [InY2(OH)]2- or 
InY2- and Eu(H2O)x,3+_ 
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