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ABSTRACT. A new approach for determining the stability constant of complexes
using ion-selective electrode (ISE) as well as a coated wire ion-selective electrode
(CWISE) as sensors has been developsd. The membrane for ISE is based on the
electroactive material using precipitated lanthanum cupferron complex. The CWISE
is liquid ion exchanger based involving 20% Aliguot 336S in xylene hardened by PVC
in THF. The characteristics of the two electrodes are reported. The stability constant
(log K,) of La(lll) complex of p-nitrobenzeneazochromotrepic acid (chromotrope-2B)
using both the slectredes lie batween 7.97 and 8.55 at 30°, at an ionic strength of
0.1 M.

INTRODUCTION

With increasing applications of ion-selective electrodes (ISEs) in eguilibrium studies [1],
it was considered o be of interest to develop graphical methods for the calculation of
stability constants.

In this communication, we describe one such approach for determining the stability
constant of 1:1 complex choosing lanthanum(lIl)-p-nitrabenzeneazochromotropic acid
(chromotrope-2B, CTB) for study.

New slectredes for La(lll) ion have been developed and their characteristics studied.
An attempt has been also been made for the first time to use a coated wire ISE for the
determination of metal-ligand stability constant, which has an added advantage thal it
requires very small volume of solutions for measurements.

Theory. For the following metal-ligand equilibrium

M+ HL =ML + nH' (1)
K, =K'®F where ® = (2 H1, (2)
K,
or ; R

s K Ky
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depending, respectively, upon whether the number of dissociable protons of the ligand
is one or two. K, is the conditional stability constant and is given by

K = [ML]
/=
(M° - [ML]) (L° - [ML])

(4)

where M° and L° are the total metal and ligand concentrations, respectively.
Ke, and Kq, are the first and second dissociation constants of the figand, respectively.
F is the correction factor for hydrolysis of metal ion, F is given by

NG
9F = —2 (5)
[H*]
where K, is the hydrolysis constant of the metal ion.
At constant pH. Equation (4) on rearrangement gives
o
_MLe _ 1, m (6)

Mo - (M K/

Hence a plot of [M]L® /7 (M° - [M]) against [M] would give a straight line with unit slope
and intercept as 1/K, where from K, can be calculated.

At varying pH. When the pH is varied, K, and F would vary and K, can be expressed
as

o= W o F (7)

from equation (4) and (7) one can arrive at equation (8)

[M] Bl 5T [M] 1 (8)

4= -

M° - [M ~ ®F gr°e ®F ' e

If total metal and ligand concentration are kept constant, a plot of [M}/(M® - [M]). 1/®F
against [M)/®F would give a straight line with slope equal to 1/L* and intercept equal
to 1/K/L° thus enabling the evaluation of the corrected values of stability constant of a
1:1 complex.

EXPERIMENTAL
Double distilled water was used throughout the experiments. A solution of lanthanum

nitrate was prepared by dissolving 0.5 g of lanthanum nitrate in 100 ml water. Solution
of Cupferron was prepared by disselving 1.0 g cupferron in 100 mi of 20% ethanol.
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Preparation of electrodes.

La(lll) lon-sefeclive membrane electrode. To a 20 ml aliquot of lanthanum nitrate
solution cupferron sclution was added drop-wise to obtain a light yellow precipitate [2]
of La(C.,H;N.OH.ONH,). The precipitate was washed thoroughly with 20% ethanol,
followed by water. After air drying, the precipitate was powered and 0.4 g precipitate
was mixed with 0.1 g PVC (dissolved in 8 ml of THF). To this 2-3 drops of plasticizer
(dibutylphthalate) was added and the solution was allowed to svaporate over a dry
glass plate, when a membrane was obtained. The membrane was then cut from the
master disc and fixed at the end of a glass tube with the help of Araldite (Ciba-Giegy,
India). The tube was filled with 0.01 M solution of La (NO,), which acted as an internal
reference solution 2nd a saturated calomel electrode was used as an internal reference
electrode.

La(lll) ion-selective coated wire electrode. Lanthanum nitrate solution (100 ml) was
added to a 10 ml solution of 20% Aliquat 336S in xylene [3]. The acidity was adjusted
to 0.1 M HNO,. The resultant solution was shaken in a 250 m| separatory funnsl for
4 h after which the organic phase separated [4] and was used as the electroactive
material. A small amount of the electroactive material was mixed with (0.1 g)
polyvinylchloride (PVC) in 6 ml THF and 0.5 g Araldite was added for hardness. A
cleaned copper wire was dipped in the above solution several times for coating till a
bead formed at the tip [5]. The electrode thus prepared was kepl immersed overnight
in 0.1 M lanthanum nitrate solutien.

Instrument. A Phillips pH meter (Model PR 9405M) was used for potential
measurements with a calomel electrode as reference electrode. All measurements
were performed at a room temperature of 30 + 1°. The cell assembly used for
potential measurement using membrane electrode can be represented as: internal
reference electrode (SCE)/La® (0.01 M), NO,(0.03 M)/membrane/sample
solution/external reference electrode (SCE). The cell assembly involving coated wire
elecirode can be represented as metal/membrane/sample solution/external reference
electrode (SCE).

Stability Constants, |n order to determine the stability constant of La(lll)-CTB complex,
iwo sets of solutions were prepared. In one set of solutions the metal ion and ligand
concentrations were kept at 1x10™ M and pH was varied in the range 5 to 6. An ionic
strength of 0.1 M was maintained using sodium perchlorate. After allowing the solution
te stand for one hour, the potential of each solution was measured with both the
membrane as well as coated wire electrodes. Free metal ion cencentration was then
calculated [6].

In another set, the pH was kept constant at pH 6 and the total ligand concentration
was varied in the range 1x10™ to 4x10™ M while maintaining the ionic strength at 0.1
M (sodium perchlorate). For each selution, the free metal ion concentration was
determined from the potential measurements using the electrodes [B).

RESULTS AND DISCUSSIONS

The ISE for La(lll) ion gave a linear response down to the concentration 1x10° M. The
slope was found fo be 20 mV per decade change in concentration which remained
constant up to 14 weeks. In the case of CWISE for La(ill) ion, the electrode gave 2
linear response and the slope was found to be 40 mV per decade change in
concentration. The value of slope remainsd constant up to 8-10 weeks. The working
pH range of the ISE is 3.9 to 8.5 and it was found to be selective in presence of
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Be(ll), Al(liN), Ba(lly, Th(IV) and Zr{lV) ions. While ihe working pH range of CWISE is
2.9 to 8.3 and it was found to be selsciive in presence of Ba(ll), Be(ll), Al(llt), Cr{ill)
and Th{lV) ions. The response curves of CWISE and ISE are given in Figs. 1 and 2
and other characteristics of both the elscirodes are summarised in Table 1 and 2.

Table 1. Characteristics of electrodes.

Electrode Response Linear response Slope pargecade | Working pH
time (sec) range (M) (mV) range

ISE 40 ix10" - 1x10°% 20 3.9-95

CWISE 28 1x10™" - 5x1C* 40 29-93

Table 2. Selectivity coefficient Ki{' in presence of different cations.

Electrode KT
Ba™ Be™ AP cr Th 2
ISE - 0001 0.01 0.2 0.18 087
CWISE 0.18 0.01 0.05 0.05 0.08 -
801 S10F
=L o
470}
>
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* 390+
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€ 5 & 2 5 5 3 2
=leg (La{ii}] -log [Le (i)
Figure 1 Response curve of ISE Figure 2 Response curve of CWISE

The 1:1 La(lll)-CTB complex being siable between pH range 5.0 to 12.5, studies
have been made at pH 6.0. The reporied value [7] of stability constant of La(lll)-
Chromotrope-2B complex obtained by spectrephotometry varied considerably thus
justifying the reinvestigation of the system and then ISE and CWISE were employad.
With each electrode 5-6 determinations for the values of stability constants were made
and the logarithm of average value of stability constant together with standard
deviations were calculated (Table 3).

It may be observed that the two different elscirodes yield resulis which are
comparable, the small difference may be ascribed fo the membrane electrode being
more sensitive 1o lower concentrations than the coaled wire elecirode.
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Tabie 3. Stability constant of La(lll)-CT8 1:1 complex.

Electrode By varying pH method By varying ligand at pH 6.0
| log K, (mean + SD) log K, (mean £ SD)
ISE B.15+ 0.25 7.97 £ 029
CWISE 855+ 0.38 326034
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