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In the two preceding papers 23 the 8-quinolinol chelates of the alkaline
earth metals have been dealt with. These chelates cannot be precipitated
until the pH is so high that the 8-quinolinol in the solution exists mainly in
the neutral form, HOx!. The chelates of the other divalent metals, however,
can be precipitated at a pH so low that the main constituent is the positive
ion H,0x™. This fact leads to a somewhat different treatment of the solubility
equilibria in the two cases.

The essence of the method used in both cases is to regulate the pH to such
a value that, whilst a sufficient amount of the precipitate is formed, the solution
contains amounts of 8-quinolinol and metal ions such that the concentrations
of all the constituents can be calculated accurately from the stoichiometric
concentrations, from the pH measured and from dissociation constants of
8-quinolinol . The pH may be regulated by adding sodium hydroxide or
perchloric acid.

The solubility equilibria can be represented at higher pH’s by

MOx,(s) + 2 HY* = M* * 4 2HOx (1)
and at lower pH’s by A

MOx,(s) + 4H* = M+ * 4 2H,0x* (2)
In the latter case, dealt with in the present paper, the law of mass action gives

M* +][H,0x*]? |
[ &L)ﬂx] — K, 3)
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One can easily see that?
K, = §/K;* K,*® (4)

where 8 is the solubility product,
8 = [M* TJ[0x]? (5)

and K; and K are the dissociation constants of 8-quinolinol .

The complexes between metal ions and the ligand Ox~ display a great
stability. Their role in the solubility equilibria is, however, slight beacause
of the very low concentration of the ligand. Only the first complex MOx™
is of any significance. The equilibrium in question can be represented at higher
pH’s by

MOx* + H* =M+t + + HOx (6)
and at lower pH'’s by
MOx* 4 2Ht = M* + 4 H,0x* (7)

In the latter case the law of mass action gives

[MOx*] (H*)?

M FIH,0x*] — ®
One can easily see that 2 '
ki =k K1K, (9)
where
ky = [MOx*]/[M" *][0x7] (10)

For the calculation of the solubility equilibrium the following equations

were obtained:
co,; + Cp — Cy + [OH—] - [H+]

Cox = Cox — [H0x* (1 + Kyf(HY) + KiK3/(H*)?) (12)
+ +\2 1.7
1 (H*)s N 0.5 (H*)2 & 13)

K.~ (ex— 05 Go)[HOXT2 ' (e — 0.5 0p)[H,;0x7]

(For an explanation of the notation see refs. 1, 2, 3.) The second term on the
right hand side of equation (13) was generally negligible.

The pH was generally measured but in the case of copper chelate, it was
so low, (about 2) that the spectrophotometric determination of [H,0x*]
gave better results. This analysis was carried out as follows: A sample of
clear equilibrium solution was diluted to a suitable concentration with a
0.1 molar solution of perchloric acid and the extinction was measured at 365 mu.
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From the total concentration obtained, the concentration of H,Ox* was calcu-
lated and thence, using equation (11), the concentration of hydrogen ion.

The constants k; were determined spectrophotometrically, using the
equation

ek — exox+ k1 + {(& — empoxt)(H)2 + (6 — eno ) K1(H)}/M* *]1=0  (14)

In this equation ¢ = efc,, (¢ the extinction when 10 mm cells were used),
Eyox+s Emgoxts Emox aT€ molar extinction coefficients as indicated. The values
of Kj, eg,o+ and ey,, have been determined previouslyl. The wavelength
range 340 mu—380 my was used. The conditions were not very favourable
because the light absorption of H,Ox™* at this wavelength range is relatively
large but the other methods seemed to be still worse. From a definite pH value
upwards practically all the 8-quinolinol exists as MOx" if the metal salt is in
excess. On the other hand from a definite pH value downwards the complex
ions practically vanish from the solution. The measurements must therefore
be made over a relatively narrow pH range characteristic of each chelate.
Generally four or five pH values were used. For each pH an equation (14)
was obtained. These equations were then solved by the method of least squares.
The desired pH’s were obtained by adding perchloric acid or sodium hydroxide.

The results relating to the complex equilibria are recorded in Table 1.

Table 1. Spectrophotometric determination of equilibrium constants ki for CdOx*, ZnOxt+
and CuOxt at 20°C.

€

PH 350 my 360 mu 370 mu 380 mu
4.739 1530 1540 1460 1195 ceg = 4.79. 1073
4.983 1595 1650 1560 1310 cox = 2.00 . 104
5.462 1910 2050 1990 1690 ]/I_= 0.127
6.978 2175 2358 2265 1935 pki = 7.35

€
rH 350 mu 355 mu 360 mu 365 mu )
4.417 1715 1760 1750 1700 Czn = 4.20 . 108
4.744 1890 1940 1940 1910 cox = 2.00.1078
6.265 2140 2235 2260 2235 ]/I_ = 0.115
7.444 2180 2270 2325 2275 pki = 6.56

£
pH 630 mpg 355 mu 360 my 3656 my 370 mu

2.31 1735 1790 1815 1770 1700 ¢y = 5.00. 1073
2.39 1715 1790 1810 1790 1710  cox = 2.00 . 104
2.68 1790 1885 1940 1960 1900 ‘l/f= 0.123
3.59 1940 2080 2160 2200 2100 pkj = 2.550

5.88 1975 — 2190 2215 —
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For extrapolation to zero ionic strength the equation

2.02 YT
pkio = Pkj — TFa/T (18)

was used. The value @ = 1.54, obtained previously for CaOx*, was used 2.
The extrapolation gave
Cdox* ZnOx* CuOx+
Pk, 7.135 6.363 2.361

Using the values pK,,= 5.02 and pK,, = 9.90, obtained previously?,
we obtained from equation (9) the complexity consants of MOx™. With the
complexity constants of the alkaline earth metals, previously determined 2 3,
we obtain the following summary:

BaOx* SrOx™ CaOxt MgOxt CdOx* ZnOx* CuOx*
log k4 2.07 2.56 3.27 4.74 7.78 8.56 12.56

For the complexes of the alkaline earth metals the absorption spectra
(280—400 myu) were obtained indirectly. The spectra of the cadmium, zinc
and copper complexes, on the contrary, have been obtained directly because
of the very much greater complex formation. The absorption spectra of the
latter (300—400 my) are shown in Fig. 1. The maxima at about 360 mgu
obviously correspond to the maximum of Ox at 355 mu!. A shoulder at about
330 my in the spectra of ZnOx* and CdOx* obviously corresponds to the
maximum at 335 mu in the spectrum of Ox . Another shoulder occurs in the
spectra of the cadmium and zinc complexes near 315 my, at which H,Ox™* has
a maximum. The same maximum and the two shoulders also occur in the
spectra of the complexes of the alkaline earth metals but the shoulders do not
occur in the spectrum of the copper complex. In terms of the structures of
8-quinolinol HOx, its positive ion H,Ox* and its negative ion Ox", as reported
in the literature ¢, the following structures may be suggested for MOx*

SRR

...... O___M+ + .....M+ +

I II III

The polar structure I probably corresponds to the maximum at about 360 mu.
Thus this structure seems to be predominant. The structures II and III
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Fig. 1. Molar extinction coefficients of
MOz+. CdOx+ ===, ZnOz* . - - .,

CuOxt+
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probably corresponding to the shoulders at 315 mu and 335 muy, are of little
significance.

We have assumed above that the higher complexes, particularly MOx,,
do not make any contribution to the equilibrium. In actual fact the spectro-
photometric data show that this is true, as can easily be understood in view
of the very low concentration of the ligand Ox ™ at the pH’s in question.

The results relating to the solubility equilibria of cadmium, zinc and
copper chelates in sodium perchlorate solutions are recorded in Table 2. The
measurements are performed at 2—4 ionic strengths. The values quoted for
log K, are mean values.

Table 2. Solubility equilibria of cadmium, zinc and copper chelates in sodium perchlorate

VI
0.145
0.506
1.010

143
0.104
0.142
0.266
0.413

0.176
0.460

(ca+103)
Cox - 10 3.
3.62—3.70
3.43—3.49
3.68—3.71

(ca-103)
Cox * 1083
4.87—4.96
9.01—9.62
4.86—9.60
4.84—9.57

Cox * 10 3
3.76—4.00
3.75

solutions.
CdOx, (25° C)

ch-103 63-103
6.92—-17.09 2.04—6.12
6.57—6.68 1.92—4.71
7.056—-17.10 2.04—3.04

ZnOx, (20° C)

Czn » 103 cg-103
2.42—-2.47 1.58—4.28
4.50—4.81 1.58—4.27
2.42—-4.80 1.58—15.81
2.41—-4.78 1.57—-15.76

CuOx, (25°C)
Ccy * 10 3 Cp 10 3
10.569—-16.25 6.25—6.67
10.00 6.25

pH
3.835—4.173
4.004—4.190
4.085—4.186

pH
3.306—3.434
3.040—3.812
3.363—3.854
3.411—3.886

pH
1.916—2.050
2.110

log K,
7.88

8.54
9.07

log Kg
5.65
5.73
6.00
6.25

log K,
0.342
0.870
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from 3—6 experiments. The pH’s in the measurements of copper chelate were
calculated from [H,0x"] measured spectrophotometrically, using equation (11)
and the values for the activity coefficient of the hydrogen ion determined
previously 1. The results can be represented by

3.06 YT
14+a VI

Calculation by the method of least squares gave

CdOx, ZnOx, CuOx,
log K, , 7.49 5.34 —0.125
a 0.95 0.95 0.90

log K, =log K, , + (16)

From equation (4) we obtain for the thermodynamic solubility products:

CdOx,(25°) ZnO0x,(20°) CuOx,(25°)
ps, 21.956 24.500 29.571

Recently Phillips and Price ® have reported values for the solubility
products of some 8-quinolinol chelates. These values have been computed
from the solubility data available in the literature ¢. Like some other authors ¢
they have assumed that the equilibrium in question is represented by (1).
Since the data concern solubility in 1 N acetic acid, the pH is generally so low
that the equilibrium is represented by (2). Therefore their values are incorrect.
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A correct calculation gives solubility product values which are at least of the
same order of magnitude as our values.

In Fig. 2 the total concentration of metal in the solution is represented
as a function of pH when the excess of reagent is [0x] = 3.78 - 10, In the
case of cadmium, zinc and copper chelates the following equations were used:

[H,0x*] = [Ox]/{1 + K{/(HY) + &y K3/(H*)® + Ej[M* */(H*)2}  (17)
[M*¥] = K; (H*)4/[H,0x*]2 } (18)
[M] = [M* *)(1 + ky[H,0x*]/(H*)? (19)

SUMMARY

The equilibria of the 8-quinolinol chelates of cadmium, zinc and copper
in aqueous solution have been investigated. The complex formation involved
has been studied spectrophotometrically and the complexity constants of the
first complexes have been determined. The solubility products of these chelates
have been determined potentiometrically. The ultra-violet spectra of the
complex ions are discussed.

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