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o-Aminophenol and 8-Hydroxyquinoline as Ligands
of Cu(Il) in I M-Na(Cl0,) at 25°C*
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The complex formation between Cu(IT) and 8-hydroxy-
quinolinat (Oz) was studied with the liquid—Iliquid distribu-
tion method, between 1M-Na(ClO4) and CHClg at 25 °C,
The experimental data were explained by the equilibria:

Cu2+ - Oz = CuOzx log B; = 12.38 + 0.13
Cu?t 4+ 2 Oz & CuOza log Bz = 23.80 & 0.10
CuOzzaq = CulOxzorg logh = 2.06 + 0.08

The equilibria between Cu(II) and o-aminophenolate (4 F)
were studied potentiometrically with a glass electrode at 25 °C
and in 1M-Na(ClOy4). The experimental data were explained
by the equilibria:

Cu?t + AF & CudF log 81 = 8.08 + 0.08
Cut + 2 AF & CudFy log Bz = 14.60 + 0.06

The protonation constants of AF and the distribution
constants between CHCla—H20 and (Coljs)20—HaO were
also determined.

Symbols

B total concentration of Cu(Il)

Byq total concentration of Cu(II) in the aqueous phase

concentration of free Cu?+

H  analytical excess of H+

h  concentration of free H+

A total concentration of ligand

a  concentration of free ligand

¢ Borg/Bagq, distribution ratio between organic and aqueous phases

Ox and AF indicate 8-hydroxyquinolinate and o-aminophenolate, resp.. L
indicates a ligand. Charges are omitted.
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A [CuOza]org/[CuOxslag, distribution constant

a4 [HAFlore/[HAFlag, distribution constant

K, stability constant of the species [HpL] = Kp b [Hy-.1L]

Brn stability constant of the species Cul,, defined by the equation:
[CuLy] = Bnban.

The complex formation between Cu(ll) and 8-hydroxyquinoline had
been previously studied, because of slight solubility of CuOzz in water,
almost always in mixtures of water — dioxan or water — ethanol®.
Investigations in water had been carried out for low concentrations of
reagents and at a very low ionic strength.

Nasdnen and Pentfinen? explained the spectrophotometric data
obtained at 20 °C and ionic strength — 0, by the equilibrium:

Cu?+ + Or & CuOx log B = 12.56

Albert3, from potentiometric data obtained by means of a glass
electrode at 20 °C and ionic strength 0.01, claimed the existence of the
equilibria:

Cuzt - Ox = CuOzx log 8 = 12.2
Cu?t + 2 Oz = CuOzxy log B2 = 23.3

Recently Fresco and Freiser?, from distribution measurements at
25 °C and 0.1 ionie strength, obtained the value logh = 3.48 4- 0.06
for the distribution constant of CuOzs between CHCl3 and HyO.

Very few quantitative results are available for the system cop-
per(Il)—o-aminophenol and for the o-aminophenoclate protonation.
All the data of reference® were obtained at 20 °C, extrapolating the ionic
strength to zero.

The aim of this paper is to study both systems in a wide concentra-
tion range at 25 °C and in 1M -Na(ClQy), in order to obtain the stability
constants for both systems and the protonation constants for the
o-aminophenolate, unknown under these experimental conditions.
Furthermore the values of the distribution constants of CuOza be-
tween CHCl3—H20 and o-aminophenol between CHCls—Ho0 and
(CoHj5)2O—H20 are given.

Experimental

Chemical and Analysis

NaClQy4, Cu(ClO4)2, HCIO4, NaOH were prepared and analysed as
previously described5.

8-Hydroxyquinoline (Merck p.a.) and o-aminophenol (C. Erba) were
purified by sublimation. CHCl3 and (CoHjs)20 were C. Erba pure reagents.

Nitrogen from eylinders was purified as previously described® and was
bubbled through the solutions during the potentiometric measurements.
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Apparatus

The atomic absorption apparatus was an Optica “‘Densatomic”.
The e.m.f. measurements were carried out by means of an apparatus
similar to that previously described ®.

Method of Investigation and Results
1. Copper(I1)—8-Hydroxyquinoline

The complex formation between copper(Il) and 8-hydroxyquinolinate
(Ox) was studied by means of liquid—liquid distribution at 25 °C and 1M-
NaClOg.
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Fig. 1. Experimental date for the system Cu(II)}—8-hydroxyquinoline.
The curve is the normalized one of eqn. (4) in the position of best fit

The aqueous phase was always made 1M in Na* by adding an excess
of NaClOs. In this way the activity coefficients of the reagents could be
assumed constant and concentrations could replace activities in all cal-
culations. Thus the aqueous phase had the following general composition:
B M- in Cu(dl); Hy M in H+; 1.0M in Na+; (1 - 2B + H)M in ClO4.

A volume vyq was equilibrated with a volume verg of CHCly Hy M in
HOz, previously saturated by water.

The H;i and Hy values were selected in order to have:

Hyvag + Havore _ 10y
Vaq + Vorg

When vaq = vorg, four hours were sufficient to obtain the equilibrium,
while if vaq = 2 vorg, 12 hours were necessary.

After obtaining the equilibrium, the phases were separated; the — log A
value of the aqueous phase was potentiometrically measured, and B,
was determined by means of atomic absorption. At high B, Byq was ob-
tained by means of calibration straight lines, while at low Cu(IIj concentra-
tions, Baq was determined by means of the addition method. In this way,
by taking in account the B value, the data log ¢ (— log k) could be obtained.

Several determinations at H == 0.100; 0.050M and B = {0.5; 1.0;
2.0) X 1073M were performed at 25 °C in a thermostated room, and, suc-
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Table 1. Experimental Data for the System Cu(I1)~8§-hydroxyquinoline

H = 0.100M
B =0.5x10-3M
Series a:
log ¢ (—log h, —log a): 1.10 (2.06,
1.97 (3.09,
1.97 (4.75,
1.97 (10.32,
series b:
log ¢ (—log h, —log @): —1.38 (1.57,
0.18 (1.73,
0.83 (1.97,
1.83 (2.48,
201 (3.62,
%2.06 (10.12,
B = 2.0x10-3M
log ¢ (—log h, —log @): —2.30 (1.17,
——0.39 (1.64,
= 0.050M
B = 0.5x10-3M
series a:
log ¢ (—1log h, —log a): —0.92 (1.70,
0.21 (1.92,
0.75 (2.10,
1.51 (2.37,
#2.08 (3.49,
*2.08 (10.36,
series b:
log g (—log h, —log a): 2.01 (5.22,
2.09 (10.05,
2.04 (10.42,
2.04 (10.45,
B = 1.0x10-3M
series a:
log ¢ (—log h, —log a): —0.85 (1.65,
0.02 (1.85,
1.09 (2.19,
series b:
log ¢ (—log h, —log a): — 0.48 (1.65,
0.10 (1.87,
1.19 (2.21,

Special series:

13.31);
12.76);
12.38);
11.82);
9.73);
2.46).

7.61);
2.78);
2.41);
2.07).

13.43);
12.94);
12.20).

13.44);
12.90);
12.15);

1.88
1.97
1.97

— 1.06
0.37
1.26
1.86

*2.07

; — 1.39

— 0.09
0.60
1.04
1.75

#2.10

2.09
1.99
2.06

— 0.33
0.54

—0.21
0.44
1.87

A = 0.025M; B=1.0x10"3M

log ¢ (—1log k, —log a): 2.09

2.15 (10.38,

2.16

* vag = 2 vorg-

(3.01,

(10.79,

10.43);
3.35);
3.03).

2.14
2.20

(2.64,
(3.33,
(10.20,

(1.64,
(1.84,
(2.12,
(2.64,
(4.84,

(1.40,

(1.78,

(2.53,

(10.13,
(10.62,

10.99);
9.81);
2.62);

13.01)
12.59);
11.99)
10.99);
7.71);

13.59);

12.82);
12.48);
12.20);
11.42);

8.36);

3.31);
2.57);
2.43);°

13.12);
12.65);

13.11);
12.58);
11.50).

3.49);
3.02);
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cessively, under the same experimental conditions, another series at
A = 0.0256M and B = 1.0 X 10-3M was performed. All the data are col-
lected in table 1 m the form log ¢ (— log h, — log a) and plotted in figure 1
in the form log g (—log a).

The a value was calculated from the material balance of H:

H=h+-ZSnKph*a + rg K1 Kz h?a. (1)
k2

In eqn. (1) the presence of possible mixed complexes with participa-
tion of Ht was neglected, by taking in account the H and B values
(B < 0.02 H), and also the hydrolytic species of copper(II) were neglected
in the b and h range studied, according to Berecki—DBiedermann”. The K,
Ko and x4 values had been previously determined®, under the same ex-
perimental conditions.

There is no evidence from figure 1 for polynuclear and mixed complexes
in the range 2 < —log ¢ < 14. Furthermore, from the trend of experi-
mental points, the formation of Cul, complexes (with n > 2) can be
excluded, either because the slope of the curve is < 2, or because the
log ¢ values do not decrease even if —log a ~ 2.

Consequently the function ¢ can be expressed as:

log ¢ = log (A B2 a2) —log (1 + B1a + Bz2a?). (2)
The eqn. (2), in the following form:
logq =logag —log (1 4 BiBztat + B2l a?) 3)

can be normalized in the form:
y=log (1 + aut -+ u-2) (4)

where log g —y = logag; ul = a1/VPs; a = B1/VBa.
By comparing a family of curves of eqn.(4) with the experimental
data, in the position of best fit, the values

logxg = 2.06 4 0.08; log 81 = 12.38 4 0.13; log B2 = 23.80 4 0.10
were obtained. Experimental points agree very well with the theoretical
curve (Fig. 1).

2. Copper (11 )—o-aminophenol

The study of the Cu(Il)-o-aminophenol system requires the know-
ledge of the free concentration of o-aminophenolate, @, and therefore it
was necessary to determine the K; and Ky values for the ligand at 25 °C
and 1M-NaClO4. These values were dotermined potentiometrically.
Also the distribution coefficient of o-aminophenol could be obtained po-

tentiometrically, by means of a two phase titration method, as described
below.

2a. Protonation constants of AF

Potentiometric measurements were carried out by measuring, at 25 °C,
the e.m.f. of the cell:

(—) R.E. ] 1.0M-NaClOy, // Solution 8 | G.E. (+) (4)

where R.E. = Ag, Ag(l/0.01M-NaCl, 0.99M-NaClO4 and
G.E. == Glass electrode.
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In order to minimize the variations of the activity coefficients, all
solutions were made 1.0M in Nat, by adding NaClO4. Thus the general
composition of the solutions § was:

AMin L; HM in Ht; 1.0M in Nat; (1 + H— A)M in ClO4~

and so the concentrations could replace the activities in all the calcula~
tions. The e.m.f. (in mV) of the cell (4) at 25 °C can be written:

B4 = E4z° 4 59.151logh + Ej. (5)
i A Mx10
It o 10
a5
1-
a
Rl
4 ' 6 § -Togh

Fig. 2. Protonation function of o-aminophenolate. The curve is the nor-
malized one of eqn. (7) in the position of best fit

E,° and E; were determined in the first part of each titration
(BE;j = — b6 k), where H = h; successively AF was added and the ob-
tained solution was titrated by OH- standard solution, keeping 4 constant.

In the second part of the titration, from the e.m.f. measurements and
the knowledge of E4° and Hj, h could be calculated for each experimental
point, and from the analytical 4 and H values, the function:

n_H;t-il: th—{—2K1th2_ (6)
A 14+ Kih+ Ky Kah?
could be obtained.
The experimental data are plotted in the form % (— log &) in figure 2.
In order to obtain the Ky and Ks values, the method of the normalized
curves was employed®. The experimental points were compared with a
family of curves of equation:

2
B But2u? )

1+ Ru+ u?
where u = h | K1Kz and R = K1/VE Ko.
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In the position of best fit the values
log K3 = 9.67 £ 0.08 and log K1 K5 = 14.56 4 0.08

were obtained. As it can be seen from figure 2, experimental points and
theoretical curve agree very well.

2b. Distribution coefficient of o-aminophenol

It was convenient to determine potentiometrically the distribution
coefficient as described below, because, this compound is easily oxidizable
in solution. To this purpose, a two phase titration method, employed by
Rydberg® and by Dyrssen®, was performed.

A known quantity of o-aminophenol, dissolved in measured volumes
of aqueous and organic phases, was titrated by a NaOH standard solution,
by measuring the e.m.f. of a cell similar to 4.

In this case the solution § had the general composition:

AMin L; HM in H*; 1.0M in Na*; (1 4- H— A)M in ClO4;

at known 2,4 and verg values.

From the A4 definition and as the 4 F— concentration can be neglected
for —log k < 6, it can be written:

[HAFlorg
(Hy AF+]

By plotting log ¥ vs. — log A, a straight line with slope 1 is obtained.
Atlog Y = 0,

log =log ¥ =loghs —logh —log Ko (8)

log a4 = log Ko + log h. (9)
By introducing in eqn. (9) the known log Ks value, log A4 can be cal-
culated. The [Hed F*] and [HA Flore values, necessary to calculate log Y
[s. eqn. (8)], could be obtained from the electroneutrality law:
[HoAF+] = [Cl047] + [OH-] — [H*] — [Nat] + [4F-] (10)
and from the material balance:

Ator = AaqVag + Aorg Vorg = Vag ((Hod F*¥] - [HAF] - [AF]) +
+ [HAFlorg Vorg (11)

In the range —log h = 8.5, [HaAd F*] can be neglected, consequently:

log E%@gtg —log ¥’ = log ha - log K1 + log h (12)

As described above, also in this case the a and [HA Flqe values could
be calculated from eqns. (10) and (11), resp.
A straight line with slope 1 is obtained by plotting log ¥’ vs. — log &;
at log Y’ = 0, the value
logag = —logh—log K3 (13)
can be calculated.
From the straight lines reported in figures 3 and 4, the values

log kg = — 0.47 and log a4 = 0.58
were obtained for CHCl3 and (CoH;)20, resp.
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Fig. 3. Plot of the two phase titration of o-aminophenol between CHClg
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Fig. 4. Plot of the two phase titration of o-aminophenol between (C2H;)20
and HoO
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2¢. Complex formation between Cu(ll) and AF

This systemn was investigated potentiometrically, by measuring the
ean.f. of a cell similar to (4), where the solution § had the general com-
position:

BMinCu(Il); HMinH*; AMinL, 1.0MinNa+; (1 + 28+ H—A)Min
ClO4~.

Table 2. Experimental Data for the System Copper(ll)—o-aminophenate

A=1.0x103M; B = 0.5 x 10-3}M
7t (—log h, —log a): 0.235 (4.58, 8.63); 0.300 (4.68, 8.48
0.439 (4.87, 8.22); 0.512 (4.97, 8.09
0.669 (5.19, 7.83); 0.714 (5.25, 7.77
0.826 (5.39, 7.63); 0.852 (5.47, 7.54
0.955 (5.66, 7.36); 0.990 (5.72, 7.31); 1.03 (5.79, 7.24);
1.06 (5.87,7.18); 1.10 (5.94, 7.12); 1.13 (5.99, 7.07);
(
(

0.367 (4.78, 8.34);
0.588 (5.08, 7.96);
0.744 (5.32, 7.65);

)s
;;
): 0.903 (5.56, 7.46)

1.15 (6.05,7.02); 1.18 (6.11, 6.97); 1.22 (6.20, 6.90);
1.31 (6.38, 6.77); 1.38 (6.53, 6.66).

A =1.0x10-3M; B = 0.25 x 10-3M
7 (—log b, —log a): 0.442 (4.82, 8.24); 0.550 (4.94, 8.08); 0.646 (5.06, 7.91);
0.838 (5.35, 7.56); 0.961 (5.54, 7.85); 1.12 (5.77, 7.12);

1.33 (6.06, 6.83); 1.51 (6.25, 6.67).

A = 0.5%x10-3M; B = 0.50 X 10-3M
7o (—log h, —log a): 0.062 (4.29, 9.41); 0.104 (4.18, 9.09); 0.164 (4.65, 8.84);
0.237 (4.80, 8.64); 0.318 (4.95, 8.48); 0.407 (5.11, 8.31);
0.510 (5.29, 8.16).

A= 05%x10"3M; B = 1.00 x 10-3}/
7t (—log , —log @): 0.044 (4.01, 9.89); 0.024 (4.21, 9.55); 0.050 (4.38, 9.27);
0.084 (4.53, 9.05); 0.124 (4.65, 8.92); 0.163 (4.77, 8.74);
0.209 (4.89, 8.63); 0.258 (5.02, 8.53); 0.295 (5.09, 8.51);
0.313 (5.16, 8.47); 0.342 (5.25, 8.43); 0.373 (5.34, 8.41).

Titrations at B = (0.25, 0.50, 1.0) X 10-3M were performed; at
B > 1.0 x 10-3M precipitation took place.

The a value could be calculated by taking in account the material
balance of H and the mass action law:
- H—h
T EKih+ 2K Ko h?

In eqn. (14) the hydrolized species of copper(Il) and the mixed com-
plexes were neglected.

From the knowledge of B, 4, k and a, the function:

ZnlBpan
n

@ (14)

A—a—K; ha——Kll‘Ifz;hza ~
B =iiSp.at
n

i ==

(15)

could be calculated.
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The data 7 (—log h, —log a) are collected in table 2 and they are
plotted in the form # (— log a) in figure 5. From figure 5, it can be seen
that 7 is independent of B, consequently the validity of eqn. (14) and the
absence of polynuclear complexes are confirmed.

The experimental data were superimposed to a family of normalized
curves, with equation

Ru 4+ 2u?

1+ Ru + u? (16)

=

where v = aV 82 and B = B1/VBa.

8 Mx10°
© 0.25
® 050
O 1.00

=1l

0.5+

| I | I
10 9 8 7 log a

Fig. 5. Experimental data for the system Cu(II)—o-aminophenol. The
curve is the normalized one of eqn. (16) in the position of best fit

In the position of best fit, the values:
log B1 = 8.08 4 0.08 and log B2 = 14.60 L 0.06

could be obtained. In figure 5 it can be seen that the theoretic curve and
the experimental points agree very well.

Conclusion

The obtained values for the stability constants of the system
Cu(I1)—Ox agree with the values reported by Ndsdnen and Penttinen?,
and Alberts, if the difference of ionic strength and temperature is con-
sidered. On the contrary, the log Ap value here obtained, is much lower
than that reported by Fresco and Freiser?.
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The log K1, log K, log 31 and log B2 values obtained for 4.F are a
little lower than those reported in ref.'; this can be attributed to the
different experimental conditions.

The main conclusion of the present work is drawn from the different
behaviour of 8-hydroxyquinoline and of o-aminophenol.

AF is more soluble than Ox in water, while it is less soluble in CHCl3
than in (CsHs)20. This is explainable, if considering that A F can give
hydrogen bonds with water as well as with ether, but not with CHCls.

The difference between the investigated compounds can be also
pointed out, when considering their behaviour as ligands. Both Oz and
AF form complexes CuL and CulLe, but their stability constants are
very different.

In fact the pyridinic nitrogen, present in Oz together with the
phenolic OH, gives a planar structure that helps the formation of bonds
with copper(Ll). In addition to it, the higher stability of the complexes
formed by Oz is explainable by the better overlap of the orbitals of
pyridinic nitrogen and Cu(II).
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