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Synopsis. Alizarin Red-S has been employed suc-
cessfully as an amperometric reagent for the precise deter-
mination of Sm?+ and Gd** in aqueous and partially non
aqueous media. Amperometric titrations have been per-
formed at —0.7 V »s. Hg-pool, pH=4.5 and p=0.1. The
current-volume titration curves obtained were well defined,
indicating 1:2 stoichiometric ratio of metal: ARS complexa-
tion in each case. The absorptiometric studies made on
the equilibrium of above complexation also confirm the
said ratio. Many ions do not interfere the titration proce-
dure.

Alizarin Red-S (Abbr. as ARS) has been employed
in analytical chemistry since Atack! discovered that
A3+ could be detected with this reagent. The use
of ARS as an complexometric, spectrophotometric and
pH-metric reagent is described in the literature.2-5)
Larson and Hirozawa® have studied the complexation
of Zr?+ and Hf?*+ with ARS in aqueous and alcoholic
media using amperometric titrations. In continuation
of our work?19 on trace estimation of rare earths,
the present paper deals with the results of ampero-
metric estimation of Sm3t+ and Gd3t+ with ARS using
a d.m.e. -Hg pool electrode system. The ampero-
metric estimations have been supplemented by absorp-
tion studies to establish the metal-ligand equilibria.

Experimental

The chemicals used were of AnalaR or Extra pure quality.
Sm3* and Gd3* solutions were prepared and standardized.!®
The solution of ARS was prepared by dissolving requisite
quantity of this reagent in conductivity water and stand-
ardized by the analytical procedure developed by Larson
and Hirozawa.®

Amperometric titrations were done on mannually operated
polarograph with multiflex galvanometer (sens. 8.10x 10—
A/div.) using d.m.e. as indicator and Hg-pool as reference
electrode. An Elico digital pH meter (model LI.120) was
used for measuring pH of the test solutions. A Beckman
DU-2 spectrophotometer was used to study the equilibrium
of metal-ligand complexation.

For titrations a number of solutions, containing calculated
amounts of Sm3* or Gd?*+ in 0.1 mol/dm?® KCI as supporting
electrolyte were prepared and pH of these test solutions
was fixed at 4.5 using acetate buffer.

Results and Discussion

The current voltage behaviour of ARS has been
studied in 0.1 M (1 M=1 mol dm~3) KCI and acetate
buffer at pH 4.5. ARS gives a well defined cathodic
wavell) (Fig. 1-A). The height of diffusion current
is proportional to the concentration of ARS. The test
solution of Sm3+ or Gd3+ was taken in a titration cell.
The plateau potential of the polarogram for ARS i.e.
—0.7V us. Hg pool (at which Sm3+ or Gd3*+ do not
give any diffusion current Fig. 1-M) was applied.
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Fig. 1. A: Polarogram of 1 mM Alizarin Red-S in

0.1 M KCI at pH=4.5. M: Polarogram of 2 mM
metal(Sm3+ or Gd3t) in 0.1 M KCI at pH=4.5.

The standard solution of ARS (pH=4.5) was added
drop by drop from 1 cm?® semi-micro burette, a pink-
ish red coloration was observed. The current was not-
ed with multiflex galvanometer. On plotting galva-
nometer reading after necessary volume correction!?
against titrant volume a reversed L shaped curve was
obtained. The end point indicated a metal: ARS ratio
of 1:2, which is in good agreement with the results
reported in the literature!®!® and that observed by
the authors with absorbtiometric studies discussed in
this paper. Moreover, it is also observed that each
of these titrations can be performed in 259, ethanol
medium which may be fruitful for the estimation of
Sm3+ and Gd3+ in a compound or ore soluble in par-
tially ethanol medium.

Study of the Effect of Diverse Ions. For interference
studies, known amout of foreign ions were added to
a definite amount of metal ion (Sm3+ or Gd3+) and
the metal was titrated following the procedure describ-
ed above. The maximum amount of diverse ions re-
ported in Table 1. do not hamper the titrations. It
is also observed that 100 folds of concentrations of the
ions NH,*, Cl-, ClO,~, SO,2%, NO;~, and CH;COO-
do not interfere in this titrimetric procedure. How-
ever, small amounts of Agt, Pb2%*+, Bi3+, Ca?*, Aldt,
Fe?t, VO,2-, Cr,0,2~, MoO,?~, and CO,?- ions in-
terfere the titration procedure appreciably.

Absorbtion Studies on Complexation. Vosburgh and
Cooper’s'® method was used to study the nature of
complex formed. The visible absorbtion spectra of 1 X
10* M ARS at pH 4.5 consists a single maximum at
420 nm and ARS complexes with Sm3+ or Gd3+ at
530 nm. The shift in 4,,, is attributed to the for-
mation of complex. Under varying ratio of mixing
and varying pHs only one absorption maximum was
obtained, supports to the formation of complex. To
determine the stoichiometry of the complexes job’s
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TABLE 1. AN AMPEROMETRIC DETERMINATION OF Sm3+
AND Gd3+ wrtH ARS IN PRESENCE OF DIVERSE IONS

Metal taken: Sm3+=1.504 mg (0.01 mM),
Gd3+=1.592 mg (0.0l mM).

Diverse Sm+3 Gd3+

ion found 9 error found Y, error
added (mg) (mg)
K+ (195 mg) 1.49 —0.97 1.599 +0.43
Na (115 mg) 1.499 —0.32 1.587 —0.31
Mg?**+ (48.6 mg) 1.51 +0.39 1.584 —0.50
Zn?** (24.3mg) 1.518 4+0.93 1.60 +0.50
TI+* (15.3mg) 1.501 —0.19 1.601 +0.56
Sn?*+ (11.86mg) 1.51 +0.39 1.588 —0.25
Cd?*+ (11.24mg) 1.495 —0.59 1.583 —0.56
Hg?+ (10 mg) 1.491 —0.86 1.607 +0.94
Set+ (3.94mg) 1.507 +0.19 1.59 —0.12
Te't (3.19mg) 1.498 +0.39 1.583 —0.56

a) The figure within parenthesis shows the amount of
foregn ion added under the prescribed experimental
conditions.
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Fig. 2. Job’s plot for composition at 530 nm.

method of continuous variations!® (Fig. 2) has been
successfully applied. The measurements were carried
out at pH 4.5 and wavelength 530 nm. The fresh
solution of ARS was prepared before use and the ex-
perimental sets were made. The color development
of complex is instanteneous. Absorbtion studies were
made within 1 h, as it is found that a gelatineous
precipitation takes place on standing for nearly three
hours. Stoichiometric ratio of Sm?+ and Gd3+ com-
plexes with ARS were found to be 1:2 in both the
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cases, which confirms the ratio observed by authors in
amperometric titration technique. The equilibrium
constants were evaluated by mole ratio method and
nonlinear method of job. The log conditional forma-
tion constants are found to be 10.94 and 11.51 for
Sm3+—ARS and Gd3+-ARS complexes in solution.
The molar ratio and numerical values of stability con-
stants obtained using absorption studies supplemented
the authors view on amperometric estimations of Sm3+
and Gd*+ with ARS.

Accuracy and Precision. The ultramicro and mi-
crogram quantities of Sm3+ and Gd3+ have been es-
timated amperometrically with an error of less than
+0.8%. For each set replicate titrations were done
and statistical methods have been applied to interpret
the data obtained. A more accurate measure of pre-
cision known as coefficient of variation never exceeded
0.55.

One of the authors (SCL) is grateful to the UGC,
New Delhi, for awarding him Teacher Fellowship.
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