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Potentiometric and Spectrophotometric Studies on 8-Quin-
olinol and Its Derivatives. VIII. Calcium Chelates of
7-Iodo-8-Quinolinol-5-Sulphonic Acid

AARNE EKMAN and REINO NASANEN

Laboratory of Physical Chemistry, Institute of Technology, Helsinki, Finland

The 7-iodo-8-quinolinol-5-sulphonic acid (ferron, loretin, yatren, chiniofon)
AL forms two calcium compounds ! which are both sparingly soluble in water.
If we formally write its formula as H,A, the formulae of these calcium com-
pounds are Ca(HA), and CaA without water of hydration. The aim of this
study was to determine the solubility products of these compounds. In addi-
tion it was necessary to investigate the ionization of this acid and the stability
of the chelates in solution.

The ionization of the reagent was investigated previously by us 2, and the results
obtained were generally confirmed in the present study, except for the first ionization
constant in high ionic strength (I > 1) for which we have now obtained somewhat greater
values. This was due to a glass electrode used at that time which gave distinctly wrong
values at high ionic strengths, as was later observed. The corrected values may be ob-
tained from

_ 0.509YT

pKy = 2.514 — _
1+ 1.44 VI

+013 I ' (1)

The chelates in solution were of the type CaA and CaA, . We were not
able to establish the existence of complexes such as CaHA* and Ca(HA),.
Their absence is also proved spectrophotometrically, as is seen in Fig. 1, where
the effect of calcium ions on the ultraviolet spectrum of the reagent at different
pH’s is presented. No effect can be observed at pH’s where the HA™ ion con-
centration is high but the concentration of A~ still very small. With increas-
ing [AT] the effect is gradually heightened. The second curve from the top -
is obviously the spectrum of CaA. This spectrum very much resembles that
of the ligand A™, as in the case of oxine 3.

The determination of the stability constants

ky = [MA] | [M++][A7] (2)
and .
ky = [MA,7]/ [M] [AT]2 (3)
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Fig. 1. Effect of calcium sons on the ultra-
violet spectrum of 7-iodo-8-quinolinol-5
-sulphonic acid at several pH’'s. From the
highest curve downwards: ¢ = 10-%, cca =
0,pH = 9. ¢ = 10% ¢cca = 0.91, pH = 9.
¢ = 104, cca = 0.51, pH = 6. ¢ = 10-%, cca
=0, pH =6. ¢ =10 cca=0, pH = 4
(tke lowest curve) and ¢ = 10-4, cca = 0.91,
1 PH = 4 (the lowest curve).

350 m/u 400 .
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was carried out by the usual titration method 3. The equations used are as
follows:

[HA"] = (2c—cs-[H+]) / (1 + 2(H+) | Ky) (4)
¢ = o—[HAT 1+ (H*) | Ky + Ky | (HY)] ()
k; + ey x(2cm—c) ¢’ =0 (6)

cM—¢’ x(cM—c’)

where

x = [HA']/ (H+) (M
=K, (8)
Ry = kK, 9
= (H+) [HA"] | [H.A] - (10)

Ky = (H+) [AT]/[HAT] (11)

~ The symbols are those used previously 2.

The results concerning complex equilibria are recorded in Table 1. The
data of the table are mean values of several measurements. The thermodyn-
amic constant kyo was calculated by means of
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Table 1. First stability constant of calcium chelate in solutions of potassium chloride at 25° C.

VI pky’ PKy’ log k,
0.173 4.65 7.22 2.57
0.269 4.78 . 714 2.36
0.524 4.89 7.00 2.11
0.935 4.90 6.90 2.00
1.370 4.70 6.87 2.17
log &y = log kye — £027 VL | By (12)
1+ a]/I

The calculation gave
log ki, = 3.07, @ = 2.0 and B = 0.28

For the second constant we obtained k&, ~ 10%.

The solubility equilibria were studied by the same method as before 3, but
the case is now more complicated on account of the two solid components. In
the “point titration” method 34 used, the calcium concentration was always
kept greater than or equal to the concentration of the chelating agent. Equi-
librium was reached after two days but the pH was generally measured after
one week at the earliest. From Fig. 2 we see the effect of calcium ions on the
titration curve when precipitation occurs. By means of the pH values belong-
ing to the lower part, the solubility product

M++] [HA™] = 5, (13)
may be calculated. From the higher part analogously, the solubility product
[M++] [A=] = 8, (14)

is obtained. The equations needed in the first case are:
[H,A] = (c—cp[H*]) / [I—K{Ks' [ (H+ )P —K T/[M++] | (H+)’) (15)
¢ =c—[H,A] (1 + K,/ | (H*) + K/K, | (H+)2) (16)
' [M++] = (em—0.5¢") [ (1 + 0.5 kK /[H,A] | (H+)?) (17)
[HA] = [H,A] K, | (HY) (18)

In the second case, analogously:

[HA"] = (2c—c—[H*+]) /| (1+2(H+) | Ky') (19)
¢ =c—[HA] (1 + (Ht) /K, + K,/ | (Ht)) ' (20)
M++] = (em—c’) | (1—ky' [HAT]* | (H+)?) (21)
[A7] = K,/[HA™] | (H¥) (22)

The point where the precipitation of M(HA), begins may be calculated from
equations (13) and from the equations for complex equilibria. The point where
M(HA), begins to change to MA is calculated from equations (13), (14), (15),
(16), (17), and (18). The point where all M(HA), is changed to MA is obtained
from (13), (14), (19), (20), (21), and (22). When two solid phases exist, we
obtain from (13) and (14)

: [HA] = 8,K; | Sy(H+) (23)
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Fig. 2. Titration curve when precipitation of Ca(HA ), and Cad occurs. ¢ = & - 10-3,
cca = 6- 10-3. Between the points o both the sparingly soluble compounds exist. The dotted
line represents the titration curve of the reagent. Experimental points: X.

and :
[M++] = S (H+)2/S,K,"? (24)

The principle of electroneutrality gives -
B = 2om—2[M++]—[H+] + [HA-] + 2[A™] + 2[MA,~] (25)
Thus this portion of the curve may be easily constructed. The amounts of
M(HA), (y,) and MA (y,) precipitated may be calculated from
oM = [M++] + [MA] + [MA,"] + 9 + 9 (26)

and :
¢ = [H,A] + [HA-] + [AT] + [MA] + 2[MA,~] + v, + 2y, (27)

The results relating to the solubility equilibria are recorded in Tables 2
and 3. The thermodynamic constants were calculated according to
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Fig. 3. Solubility of CaA in water at 25°C. . L 0
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Table 2. Solubility product of Ca(HA), in potassium chloride solutions at 25° C.

c-10° cp - 10° cca - 103 CKCl PH VT pS,
4.67 3.20 5.66 - 3.107 0.121 7.35
4.59 2.76 - 5.51 — 2.949 0.126 7.31
4.656 3.64 5.64 — 3.294 0.127 7.34
4.61 2.30 5.61 — 2.887 0.127 7.30
4.556 3.64 5.54 0.0732 3.347 0.302 7.04
4.27 3.42 10.41 0.2292 3.396 0.513 6.81
3.35 2.68 27.21 0.7192 3.518 0.897 6.58

Table 3. Solubility product of CaA in potassium chloride solutions at 25° C.

c.103 cB . 10° cca . 103 CKC1 pH VT PS;
4.33 8.23 5.27 - 6.641 0.113 6.83
4.35 7.83 5.30 — 6.291 0.117 6.76
441 6.61 5.37 — 5.720 0.128 6.69
4.27 6.41 5.21 0.0688 5.952 0.307 6.32
4.26 6.39 5.19 0.228 6.119 0.503 5.91
4.17 6.26 5.08 0.894 6.251 0.955 5.79
pSy = pSye— 304 VI py (28)
l1+a VI :
and
PS: = pS0— ‘—1—'072 KLI_— + BI (29)
1 +a¥T

The following values were obtained:

pSo a B
Ca(HA), 7.64 1.68 0.03 (25°C)
CaA AT 1.81 - (25°C)

From equations (2) and (9) we obtain
[MA] = k.S, (30)
Acta Chem. Scand. 7 (1953) No. 9
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valid in a saturated CaA. solution. The dependence on the jonic strength may

be presented b
P y — log [MA] = 4.06—0.43 I (31)

In Fig. 3 this quantity is represented as a function of ionic strength. This
result was confirmed spectrophotometrically in a solution with high pH and
high calcium concentration. In such a saturated solution nearly all the
reagent is in the form of CaA.

7-Todo-8-quinolinol-5-sulphonic acid has been used for the gravimetric
determination of calcium as Ca(HA),5>. We see from Fig. 2 that the best pH
for precipitation is about 4—5. The relatively high value of the solubility
product necessitates the use of an excess of reagent.

These solubility and complex equilibria seem not have been studied
previously.

'

SUMMARY

The complex and solubility equilibria of the calcium chelates of 7-iodo-8-
quinolinol-5-sulphonic acid (H,A) have been investigated. The complexes in
the solution are of the type CaA and CaA, . The first stability constant has
been determined and the second roughly estimated. The solubility products
of the two sparingly soluble compounds Ca(HA), and CaA have been deter-
mined. The ultraviolet spectrum of CaA in solution is given. No complexes of
the type CaHA* or Ca(HA), have been detected in the solution.

This work is part of an investigation supported by the Finnish Research Council.

REFERENCES

. Claus, A., and Baumann, S. J. prakt. Chem. [2] 55 (1897) 470.

. Nésidnen, R., and Ekman, A. Acta Chem. Scand. 6 (1952) 1384.

. Nisiénen, R. Acta Chem. Scand. 5 (1951) 1293; 6 (1952) 352 and 837.

Cf. Nésidnen, R., and Tamminen, V. J. Am. Chem. Soc. T1 (1949) 1994; Feitknecht, W.,
Michel, K., and Buser, H. W. Helv. Chim. Acta 34 (1951) 119.

. Cf. Welcher, F. J. Organic Analytical Reagents, Vol. I, New York 1948, p. 339.

St W

Received September 1, 1953.

.

Acta Chem. Scand. 7 (1953) No. 9



