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The I:1 Thorium—Nitroso R Salt Chelate
By SaTENDRA P. SANGAL

With 5 Figures

Abstraet

The composition and stability of the chelate formed between thorium (IV) and Nitroso
R Salt has been investigated in detail using three different methods. Nitroso R Salt forms
a 1:1 yellow coloured chelate with thorium having 7., at 380 myu at pH 3.5. The chelate
is stable between pH 3.0 and 6.0. The values of stability constant (log K) as determined
by two methods are 4.45 and 4.51 at 25°.

1-nitroso 2-naphthol 3, 6-disulphonic acid has extensively been used as a
colorimetric reagent for the determination of cobalt, but the work on other
metal chelates of this reagent seems to have not obtained much attention.
SETH and Dry!) studied the composition of Cu-NRS chelate and found the
ratio of copper to Nitroso R Salt to be 1: 1. SaNeAL and Dry?2) observed
that a 2 : 3 chelate is formed between palladium (I1) and Nitroso R Salt. Dur-
ing our studies on the metal chelates of this reagent Thorium (IV) was ob-
served to give a yellow colour chelate. This paper records our observations
on the composition and stability of the Th-NRS chelate.

Experimental
1. Instruments

Absorbance measurements. For measuring the absorbance of the solutions a
Unicam SP 500 spectrophotometer was employed using 1 cm. thick matched glass cell
supplied along the instrument.

pH measurements. For measuring the pH of the solutions a Leeds and Northrup
direct reading pH indicator operated on 220 V/50 cycles a. ¢. mains was used. Glass calomel
electrodes system used was supplied by the same manufacturer.

1) R. L. SerH, Doctoral thesis, University of Allahabad 1962.
2) 8. P. Sanagarn and A. K. Dy, J. Ind. Chem. Soc., Communicated.
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2. Materials

Solution of thorium chloride. Thorium chloride (BDH Anal R) was dissolved
in double distilled carbondioxide free water and standardized gravimetrically as oxide.
Solutions of different concentration were obtained by suitable dilution.

Solution of Nitroso R Salt. A stock solution of standard Nitroso R salt was
prepared by dissolving a BDH sample in double distilled carbon-dioxide free water.

Procedure. Three different methods viz. (i) the method of continuous variations3) (ii)
the mole ratio method?) and the (iii) slope ratio method®) were used for determining the
composition of the chelate.

For the calculations of stability constants the method of DEY and coworkers®) and the
mole ratio method %) was employed.

Results and Diseussion
1. Behaviour of the reagent as a eolloidal electrolyte

The reagent has been observed to behave as a colloidal electrolyte?) and,
therefore, very dilute solutions were employed in these investigations, as it
has been emphasised by DEY 8) that in case of colloidal solutions the charac-
teristics of a true solution are often displayed when extremely dilute solutions
are used.

2. Effect of time on the colour of the chelate

The colour formation was observed to be instantaneous and the absor-
bance values remains constant at least upto 72 hours. However, all the mix-
tures were kept for an hour to attain equilibrium.

3. Nature of complexes formed

Mixtures containing thorium chloride and Nitroso R Salt were prepared
intheratios 0:1,2:1,1:1,1:2,1:3 and 1: 4 and their absorbances mea-
sured. The results show that the 4, of the reagent lies at 365 mu and that
of the mixtures at 385 my. This shows that only one complex is formed hav-
ing A, at 385 my under the condition of study (VosBUurReH and CoOPERS?).

max

3) P. Jos, Compt. rend. 180, 928 (1925); Ann. Chim. 9, 113 (1928).

4} J. H. YoE and A. L. Joxgs, Ind. Eng. Chem., Anal. Ed. 16, 111 (1944).

5) A. E. HArvEY and D. L. MANNING, J. Amer. chem. Soc. 72, 4488 (1950); 74, 4744
(1952).

6} A. K. Mur=ERJI and A. K. Dry, J. Inorg. Nucl. Chem. 6, 314 (1958); Anal. Chim.
Acta, 18, 324 (1958).

7) R. L. SerH, Doctoral thesis University of Allahabad 1962.

8) A. K. Dey, J. Colloid Sci. 8, 473 (1948).

9 W. C. VosBurcH and G. R. COOPER, J. Amer. chem. Soc. 63, 437 (1941); 64, 1030
(1942).



110

DIFFERENCE IN ABSORBANCE
° 8 ¥ °
S & 008 R =1

>
=
T

0+ 06 0 70

02 §
[rn# 1]/ [Th* F+{NRS]
Fig. 1. Composition of the chelate using
absorbance measurements by the method
of continuous variations at 400 my and
pH 3.5, p = 1.
Curve A Concn. of ThCl, 5.0 - 10-4 M
Curve B Concn. of ThCl; 3.3 - 10* M
Curve C Concn. of ThCl, 2.5- 104 M
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Fig. 2. Composition of the chelate using absor-
bance measurements by the mole ratio method

at 400 my, pH 3.5 & 0.2,

Curve A Concn. of NRS 1.33. 1042 M
Curve B Concn. of NRS 1.00- 104 M
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Fig. 3. Composition of the chelate using
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Fig. 4. Calculation of stability constant
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4. Stoichiometry of components

The composition of the chelate was studied at pH 3.5 using aforementio-
ned methods. The summary of the results obtained by the the method of
continuous variations is recorded in Table 1 (c represents the concentration
of thorium chloride, p the ratio ¢’/e, ¢’ being the concentration of the Nitroso
R Salt). Few of the observations are graphically plotted in Fig. 1.

The results of the continuous variations method indicates that the com-
position of the chelate is Th(NRS). This is further corroborated by the mole
ratio method (Fig. 2) and the slope ratio method (Fig. 3).

Table 1
Composition of the Th-NRS chelate from the method of continuous vari-
ations (Total volume 25 ml)

|
Experi- ¢. 10~ . Vol. of Th, | Composition
ment Curve o) P 2 (my) at peak (ml) of the chelate
Th: NRS
I A 5.00 1.00 400 12.50 1:1
B 3.33 1.00 400 12.50 1:1
C 2.50 1.00 400 12.50 1:1
Ta*) A 5.00 1.00 420 12.50 1:1
B 3.33 1.00 420 12.50 1:1
c 2.50 1.00 420 12.50 1:1
Ib*) A 3.33 1.50 400 15.00 1:1
B 5.00 0.67 400 | 10.00 1:1
[o%) A 3.33 1.50 420 | 15.00 1:1
B 5.00 0.67 420 10.00 1:1

*) Figures omitted to economise space. NRS Nitroso R Salt.

5. Etffect of pH on the stability of the chelate

The absorbances of various solutions of thorium chloride and Nitroso R
Salt in the ratio of 1: 1 were measured at different pH. The results show that
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the region of maximum absorbance of the chelate which is 380 my holds bet-
ween pH range 3.0 and 6.0 showing that the chelate is stable within this
range of pH (Fig. 5).

6. Calculation of stability constant (log K)

Stability constants have been determined using the method of Dey et al.
(Fig. 4). and the mole ratio method (Fig. 2). The results are recorded in
Table 2.

Table 2
Stability constants of Thorium-—Nitroso R Salt
chelate
Method used pH log K at 25° | 4G in (K. Cals)
at 25°
Method of DEY et al. 3.5 4.45 4+ 0.1 — 6.2 4- 0.2
Mole ratio method 3.6 4.51 + 0.2 — 6.3 - 0.2
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