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A Spectrophotometric Study of the Chelates of Ammonium
Aurintricarboxylate with Scandium, Yttrinm, and Lanthanum®*

Kailash N. Munshi, Satendra P. Sangal, and Arun X. Dey

Tho formation of a pink eolour produced by the intoractlon of smmonium surintricarboxylate (Alwninon)
and acondium, yttrium, or lanthanum has been atudied to determine the composition, stebilily and othex
oharaotoristios of the chelates formed. The absorbance curves of the complexos show maxims at 536 min all
the chelates, The compositions of the chelatos have been egtablishod by three different methods. The apparant
stability constants of the chelates aro estimated as 104-4—104-@ for scandium, 104-4—104'6 for yitrium, and
104:7—104-5 for lanthanum at pH 5.5 and at 25°. Tho chelatee are atable over a wide range of pH (i.e.4.5 to
8.6). The maximum colour formation is attained st pH 5.5 when the mixtures contain greater than 4-fold excess
of the reagent with respeot to the metal sclution and the colour intensity remains unaltered even after keeping
the mixture for 12 hours at the room temperature. A tentativo suggestion has been mado for the position
of tho ohelate ring in the chelates.

A comprehensive programme of work has becn undertaken in these laboratories on
the study of the chromogenio reactions of scandinm, yttrium, lanthanum, and the lantha-
noids and the reagents studied from this point of view include, Alizarin Red §°, Chrome
Azurol 87, Thoron®, Chromotrope 2B#, 4,2-(pyridylazo) resorcinold, Xylenol orange®, and
2-(p-sulphophnylazo)-1,8-dihydroxynaphthalene-3, 6-disulphoniec acid (SPADNS)’.

Ammonium aurintricarboxylate (trivial name Aluminon, abbreviated as AAC)is well
known as a chromogenic reagent for variousinorganic cations?. This communication des-
eribes the studies on the composition, stablity, and other properties of the chelate formed
between Aluminon and seandium, yttrium, or lanthanum. The composition has been
determined by various methods using absorbance measurements.

EXPERIMENTAL

Absgrbance and pH measurements ware carriod out as reported in earlier ccmmuni-
cationst.

Johnson Matthey samples of scandium chloride, yttrium chloride, and lanthanum
chloride were dissolved in HCI (dil.) and the metal contents wore eatimated by the usual
methods. An aqueous stock solution of AAC (B.D.H. indicator) was prepared.
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Allthe experiments wore performed in an air-conditioned room at 26°41°. The
total volumes of all the mixtures prepared for the measurementa were kept 25 ml and
the pHs were adjusted to 5.5 by addition of suitable amounts of HCl or NaQH. In the
studies with lanthanum and yttrium, 5 ml of molar solution of mannitol was added to
check precipitation of the complex.

DISCUSBION

Behaviour of the Reageni as Colloidal Electrolyte—The reagent behaves as a colloidal
eleotrolyte as roported carlier? and hence dilute solutions of AAC of theorder of 10™4M
and. 10734 were employed during these studies.

Nature of the Complezes Formed.—The method of Vosburgh and Cooper® was employ-
ed to determine the nature of the complexes formed in sclution. Mixbures conteining 0:1,
2:1,1:1,1:2,1:3,and I : £ ratios of metal to AAC were prepared, keeping the total
volume at 25 ml in caoch case. Absorbance measurements were oarried out between a range
of 400 my and 600 my. The observations show that with all the metals only one complex
is formed with AAC under the conditions of study, having Ay, 8t 535 my in all the cases.
The Am,, of the reagent at this pH is 515 mp.

Effect of pH.—Precipitation of the free acid (AAC) ocourred at H lower than 4.
The maximum absorbance of & number of mixtures eontaining 2.0 x 10~+M each of the
reagent and the metals were noted at different pH values. Similar studies with yttrium
and lanthanum were also performed. The results are recorded in Table I*.

TABLE I
Chelate. PH rangoe of stabilily.
8o — AAC 1.0 — 0.0
Y — AAC 456 — 8.5
La — AAC 4.6 — B.5

Effect of Reagenl Conceniration—The absorbance values of mixtures of metal
solutions (1.0 x 1074M) with varying ratios of AAC at pH 6.5 and at 533 mp showed that
maximum colour formation was only attainod when the mixtures contained greater
than 4-fold excess of the reagent with respect to the metal solution.

Stability of Oolour et Room Temperature.—Mixtures containing 2.0 X 10~M of metals
and 2.0 X 10~4M AAC at pH 5.5 retained the colour intensity even after 12 houra of
standing at the room temperature.

Composition of the Chelates.—To estimate the empirical formula of the complex
species formoed under the present conditions the (i) method of continued variations, (i)
elope-ratio method, and (ii4) mole.ratio method were employed*®.

] For the first method, sblutions of metal ion and AAC of the same concentration were
miyed in varying proportions and the series of solutions thus prepared were adjusted to
0. J. Amer, Chem. Soc., 1041, 83, 437; 1942, 04, 1630.
* Fig. omitted.
** For reference vide Dwevedi e al., thls {ssuc p. 111.



CHELATES OF AAC WITH SCANDIUM, YTTRIUM, AND LANTHANUM 11y

pH 5.5 and absorbances were measured at 538 end 545 mp. Fig. 1 (c=concentration of
seandium, ¢’=oconcentation of AAQ, p==0c’/c) representn a typical graph, showing the com-

bining ratio of scandium to AACasl : 1.

In the seoond method, two series of solutions were prepared: in the first seriea
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various amounts of metel ions (8o, Y or
La) were added to a large excess of AAC
and in the scoond series, different
quantities of AAC were added to a large
excess of metal ions. The absorbances
of the solutions were measured and
plotted against the concentration of the
varisble component. The combining
ratio of the complex is equel to the
ratio of the slopes of the two straight
lines, indicating the formation of 1:1
(Sc : AAC) species.

The composition of the chelates has
also been confirmed by the mole-ratio
method which suggests the formation of
1:1 (S0: AAC) chelate in the solution.

Bimilarly the composition of the
yttrium and lanthanum chelates with
AAC was confirmed by all the aforemen-
tioned methods having 1:1 ratio
(pH 6.5; A=535 mp).

Evaluation of Slabililty Conslanis—
The apparont stability constants of the
chelates formed were oalculated from the
absorbance data by the three methods,

viz., (£) method of Dey and co-workers''", (¢5) mole-ratio method, and (#i5) method of
continued varietions using nonequimolecular solutions. The results are shown in
Table II. The free cnergy change aof formation hns also been caloulated with the

help of the expression:

AG° = —RT In K
the terms baving their usual imports,
TABLE 11
Chelate, Mathod. log K. A at 28° (keal,).
8e — AAC @) 4.4 302 6.0 £ 03
(5 49+ 0.2 6.7+ 0.9
(ii3) 43101 5.9 + 0.2
Y — AAC ) 4.0 4 0.2 0.3 302
(i) 4.6+ 0.2 6.3 2+ 0.2
(i) 444 0.1 6.0 + 0.2
La — AAC 5 434 0.1 6.9 + 0.2
(§6) 4.5 + 0.1 6.2 + 0.2
(vis) 414 0.1 5.6 1 0.2
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Suggestions on the Struclure of the Chelate.—Tentative suggestions have been made for
the structure of the chelates with AAC. As it is evident from the structure of the reagent,
eo-ordination ia poesible in two ways; (i) either between the carboxylic oxygen and the
adjacent phenolio oxygen or (¢i) between the quinoid oxygen andthe adjacent phenolio
oxygen of the carboxylic group. The following would be the resulting structures.

i P
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If the co-ordination takes place according to (I), there would be an increase in
the pH of the system, caused by dissociation of hydrogen as a result of chelation. Om
the other hand, if the chelation takes place as in (II), the pH of the mixtwre would
remain unaltered.

It has been found that during chelation of Sc, Y, and Le with AAC, an increase in
acidity results in the system, indicating chelation as suggested by (I).
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