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The complex formation between Cu(II) and 8-hydroxy- 
quinolinat (Ox) was studied with the l iquid-- l iquid distribu- 
tion method, between 1M-Na(C104) and CHCI3 at 25 ~ 
The experimental data were explained by the equilibria: 

Cu 2+ ~- O x r  CuOx log91 = I2.38 • 0.13 
Cu 2+ -t- 2 0 x  ~- CuOx~ log ~2 = 23.80 • 0.10 
CuOx2 aq ~- CuOz2org log X = 2.06 • 0.08 

The equilibria between Cu(II) and o-aminophenolate (AF) 
were studied potentiometrieally with a glass electrode at 25 ~ 
and in 12F/-Na(C104). The experimental data were explained 
by the equilibria: 

Cu 2+ -I- A F  ,-~ C u A F  log ~1 = 8.08 i 0.08 
Cu~+ ~ 2 A F  ~ CuAF2 log ~2 ~ 14.60 • 0.06 

The protonation constants of A F  and the distribution 
constants between CHCla--I-I20 and ( C 2 H 5 ) 2 0 - - H 2 0  were  
also determined. 

Symbols 

B term concentration of Cu(II) 
Baq total  concentration of Cu(II) in the aqueous phase 
b concentration of free Cu 2+ 
H analytical excess of H + 
h concentration of free H+ 
A total concentration of ligand 
a concentration of free ligand 
q Borg/Baq, distribution ratio between organic and aqueous phases 
Ox and A F  indicate 8-hydroxyquinolinate and o-aminophenolate, resp.. ]5 

indicates a ligand. Charges are omitted. 

* This work was supported by C.N.R., the Research Council of I taly.  
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)kB [CuOx2]org/[CuOx2]aq, dis t r ibu t ion  cons t an t  
XA [t-IAF]org/[HAF]aq, distribution constant 
Kn stability constant of the species [HnL] = Kn h [Hn-IL] 
~n stability constant of the species CuLn, defined by the equation: 

[CuLn] = ~n b a n. 

The complex formation between Cu(II) and 8-hydroxyqninoline had 
been previously studied, because of slight solubility of Cu0x2 in water, 
almost always in mixtures of w a t e r - - d i o x a n  or w a t e r - - e t h a n o l  1. 
Investigations in water had been carried out for low concentrations of 
reagents and at a very low ionic strength. 

2Vii~iinen and Penttinen 2 explained the speetrophotometrie data 
obtained at 20 ~ and ionic strength --> 0, by the equilibrimn : 

Cu 2+ @ Ox ~ CuOx log ~ = 12.56 

Albert 3, from potentiometrie data obtained by means of a glass 
electrode at 20 ~ and ionic strength 0.01, claimed the existence of the 
equilibria : 

Cn 2+ ,-~ Ox ~ CuOx log ~1 = 12.2 
Cu 2+ q- 2 0 x  ~ Cu0x2 log ~2 = 23.3 

Recerttly Fresco and Freiser 4, from distribution measurements at 
25 ~ and 0.1 iol~ie strength, obtained the value log 1~ = 3.48 d: 0.06 
for the distribution constant of CuOx2 between CHC13 and It20. 

Very few quantitative results are available for the system eop- 
per(II)--o-aminophenol and for the o-aminophenolate protonation 1. 
All the data of reference 1 were obtained at 20 ~ extrapolating the io9ie 
strength to zero. 

The aim of this paper is to study both systems in a wide concentra- 
tion range at 25 ~ and in 1M-Na(CI04), 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 Cu0x2 be- 
tween CHC13--H~O and o-aminophenol between CI-ICla--I-I20 and 
(C2tI5)20--It20 are given. 

Experimental 
Chemical  and  Ana lys i s  

NaC104, Cu(C104)~, I-IC104, NaOH were prepared and analysed as 
previously described 5. 

8-tIydroxyquinoline (Merck p.a.) and o-aminophenol (C. Erba) were 
purified by sublimation. CHCI~ and (C~H5)20 were C. Erba pure reagents. 

:Nitrogen from cylinders was purified as previously described ~ and was 
bubbled through the solutions during the potentiometrie measurements. 
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A p p a r a t u s  

The a tomic  absorp t ion  appara tus  was an  Opt ica  " D e n s a t o m i e ' .  
The  e.m.f, measu remen t s  were carried out  by  means  of an  appara tus  

similar  to t ha t  previous ly  describe, d 6. 

Method of Investigation and l~esults 

1. Copper(II)--8-Hydroxyquinoline 

The  complex  format ion  be tween  copper(I I )  and  8-hydroxyquinol ina te  
(Ox) was s tudied  by  means  of l iquid  l iquid d is t r ibut ion  a t  25 ~ and ~[M- 
NaCI04. 
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Fig. 1. E x p e r i m e n t a l  d a t a  for the  sys tem Cu(I I ) - -8-hyc l roxyquinol ine .  
The  curve  is the  normal ized  one of eqn.  (4) in the  posi t ion of best  fit  

The aqueous phase was always made IM in i-~Ta + by adding an excess 
of NaCl04. In this way the activity coefficients of the reagents could be 
assumed cons tan t  and  concent ra t ions  could replace act ivi t ies  in M1 cal- 
culat ions.  Thus  the  aqueous  phase had  the  following general  composition: 
B M-  in Cu(I I ) ;  H1 M in I-I+; 1.01~/ in Na+;  (1 -~ 2 B  q- H)M in C104-. 

A vo lume  vaq was equi l ibra ted  wi th  a v o l u m e  Vorg of CHC13 H2 M in 
HOx, previously  sa tu ra ted  by  water .  

The  H1 and H2 values  were selected in order  to have :  

H1 vaq + H2 vorg = H M 
Vaq ~- Vorg 

W h e n  Vaq = Vorg, fOUl' hours were sufficient  to ob ta in  the  equi l ibr ium, 
whi le  if Va~ = 2 Vorg, 12 hours  were necessary.  

Af te r  obta in ing  the  equi l ibr ium, the  phases were separa ted  ; the  - -  log h 
va lue  of the  aqueous  phase was po ten t iomet r ica l ly  measured,  and  Bacl 
was de te rmined  by  means  of a tomic  absorpt ion.  A t  high B, Baq was ob- 
t a ined  by means  of ca l ibra t ion s t ra ight  lines, while a t  low Cu(II)  concentra-  
tions, Baq was de te rmined  by  means  of the  addi t ion  method .  I n  this way,  
by  t ak ing  in account  t he  B value,  the  da t a  log q ( - -  log h) could be obtained.  

Several  de te rmina t ions  a t  H = 0.100; 0.050M and B = (0.5; 1.0; 
2.0) • 10-3/21// were pe r fo rmed  a t  25 ~ in a t he rmos t a t ed  room, and suc- 
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Table 1. Experimental Data ]or the System Cu(II)--8-hydroxyquinoline 

B = 0.5 • 10-aM 

Series a :  
log q ( - - l o g  h, - -  log a): 

series b :  
log q ( - - l o g  h, - - l o g  a): 

B = 2 . 0  x 10-aM 
log q ( - - l o g  h, - - l o g  a): 

B = 0.5 • 10-aM 
series a :  
log q ( - - l o g  h, - - l o g  a): 

series b : 
log q ( - - l o g  h, - - l o g  a): 

H = 0.100M 

1.10 (2.06, 12.11); 1.88 (2.64, 10.99); 
1.97 (3.09, 10.20); 1.97 (3.33, 9.81); 
1.97 (4.75, 8.09); 1.97 (10.20, 2.62); 
1.97 (10.32, 2.50). 

- -  1 . 3 8  ( 1 . 5 7 ,  1 3 . 1 9 ) ;  - - 1 . 0 6  ( 1 . 6 4 ,  13.01); 
0.18 (1.73, 12.83); 0.37 (1.84, 12.59); 
0.83 (1.97, 12.30); 1.26 (2.12, 11.99); 
1.83 (2.48, 11.27); 1.86 (2.64, 10.99); 

"2.01 (3.62, 9.23); *2.07 (4.84, 7.71); 
*2.06 (10.12, 2.40). 

- - 2 . 3 0  (1.17, 14.34); 
- -  0.39 (1.64, 13.03). 

H = 0.050M 

- - 1 . 3 9  (1.40, 13.59); 

- - 0 . 9 2  (1.70, 1 3 . 3 1 ) ; - - 0 . 0 9  (1.90, 12.82); 
0.21 (1.92, 12.76); 0.60 (2.05, 12.48); 
0.75 (2.10, 12.38); 1.04 (2.19, 12.20); 
1.51 (2.37, 11.82); 1.75 (2.57, 11.42); 

*2.08 (3.49, 9.73); "2.10 (4.52, 8.36); 
*2.08 (10.36, 2.46). 

2.01 (5.22, 7.61); 2.09 (9.51, 3.31); 
2.09 (10.05, 2.78); 1.99 (10.25, 2.57); 
2.04 (10.42, 2.41); 2.06 (10.09, 2 .43) ;  
2.04 (10.45, 2.07). 

B = 1.0 x 10-aM 
series a :  

log q ( - - l o g  h, - - l o g  a): - - 0 . 8 5  (1.65, 1 3 . 4 3 ) ; - - 0 . 3 3  (1.77, 13.12); 
0.02 (1.85, 12.94); 0.54 (1.98, 12.65); 
1.09 (2.19, 12.20). 

series b : 
log q ( - - l o g  h, - - l o g  a): - - 0 . 4 8  (1.65, 

0.10 (1.87, 
1.19 (2.21, 

Special series : 
A = 0.025M; B = 1.0 

log q ( - - l o g  h, - - l o g  a): 2.09 (3.01, 
2.15 (10.38, 
2.16 (10.79, 

1 3 . 4 4 ) ; - - 0 . 2 1  (1.78, 13.11); 
12.90); 0.44 (2.01, 12.58); 
12.15); 1.87 (2.53, 11.50). 

• 10-SM 
10.43); 2.14 (10.13, 3.49); 

3.35); 2.20 (10.62, 3.02); 
3.03). 

* Vaq = 2 Vorg. 
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cessively, reader the  same exper imenta l  condit ions,  ano ther  series a t  
A = 0.025M and B = 1.0 • 10-3M was performed.  All t he  da t a  are col- 
lected in tab le  1 in t he  form log q ( - -  log h, - -  log a) and p lo t t ed  in figure 1 
in the  form log q ( - -  log a). 

The  a va lue  was calcula ted f rom the  mater ia l  ba lance  of H :  

H = h +  E n K n h  n a  + k A K 1 K ~ h  ca.  (1) 
n 

I n  eqn. (1) the  presence of possible m i x e d  complexes  wi th  par t ic ipa-  
t ion of H+  was neglected,  by  t ak ing  in account  the  H and  B values  
(B ~< 0.02 H),  and also the  hydro ly t i c  species of copper(I I )  were neglec ted  
in the  b and  h range studied,  according to Berecki--Biedermann ~. The  K1, 
K~ and XA values  had  been previous ly  de te rmined  s, under  t he  same ex- 
pe r imenta l  condit ions.  

There  is no evidence f rom figure 1 for polynuclear  and  mixed  complexes  
in the  range 2 ~< - - l o g  a <~ 14. F t t r thermore ,  f rom the  t r end  of experi-  
men ta l  points ,  the fo rmat ion  of CuLn complexes  (with n > 2) can be 
excluded,  e i ther  because  the  slope of the  curve  is ~ 2, or  because the  
log q values  do no t  decrease even  if - -  log a ~ 2. 

Consequent ly  the  funcgion q can  be  expressed as: 

l o g q  = log (XB ~2 a 2) - - l o g  (1 + ~1 a + ~2 a~). (2) 

The  eqn. (2), in the  following fo rm:  

log q = log ),B - -  log (i  + ~l~z -1 a -1 + ~2 -1 a -2) (3) 

can be normal ized in the  fo rm:  

y = l o g ( i - i -  ~ u  -1 + u  -2) (4) 

where  l o g q - - y  = l o g ; ~ B ;  u -1 = a- l iVe2;  ~ = ~1 / t '~ .  
By compar ing  a fami ly  of curves  of eqn.  (4) wi th  the  exper imenta l  

data ,  in the  posi t ion of best  fit, the  values  

1ogXB = 2.06 ~= 0.08; log ~1 = 12.38 • 0.13; log ~2 = 23.80 ~= 0. I0 

were obtained.  E x p e r i m e n t a l  points  agree ve ry  well wi th  the  theoret ical  
curve  (Fig. 1). 

2. Copper ( I I ) - -o -am inophenol 

The s tudy  of t he  Cu(I I ) -o-aminophenol  sys tem requires the  know- 
ledge of the  free concent ra t ion  of o-aminophenola te ,  a, and therefore  i t  
was necessary to de te rmine  the  K1 and K2 values  for t he  l igand a t  25 ~ 
and 1M-NaC104. These values  were  de te rmined  potent iometr ica l ly .  
Also the  d is t r ibut ion  coefficient  of o -aminophenol  could be  ob ta ined  po- 
tent iometr ica] ly ,  b y  means  of a two phase  t i t r a t ion  method ,  as described 
below. 

2a. Protonation constants o / A F  

Poten t iome t r i c  measu remen t s  were carr ied ou t  by  measuring,  at. 25 ~ 
the  e.m.f, of the  cell: 

(--)  R .E .  / 1 . 0 M - N a C 1 0 4 / / S o l u t i o n  S / G.E. ( - / )  (A) 

where R.E .  = Ag, AgC1/0.01M-NaC1, 0.99M-NaC]O4 and  
G.E. = Glass electrode.  
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i n  order  to min imize  the  var ia t ions  of the  ac t iv i ty  coefficients, all 
solutions were m a d e  1.0M in Na  +, by adding NaCIO4. Thus the  general  
composi t ion of the  solutions S was:  

A M  in L ;  H M  in H+;  1.0M in Na+;  (i  + H - - A ) M  in CIO4- 

and so the  concent ra t ions  could replace the  act ivi t ies  in all the  calcula- 
tions. The  e.m.f. (in mV) of the  cell (A) a t  25 ~ can be wr i t t en :  

E A  = E A  ~ "~- 59.15 log h @ Ej. (5) 

x 

Fig.  2. P ro tona t i on  funct ion  of o-aminophenola te .  The  curve  is the  nor- 
mal ized one of eqn. (7) in the  posi t ion of best f i t  

EA ~ and Ej  were de te rmined  in the  first pa r t  of each t i t ra t ion  
(Ej = -  56h) ,  where H = h; successively A F  was added  and the  ob- 
t a ined  solut ion was t i t r a t ed  by  OI-I- s t andard  solution, keeping A constant .  

I n  the  second par t  of the  t i t ra t ion,  f rom the  e.m.f, measurements  and 
the  knowledge of EA ~ and  Ej,  h could be calculated for each exper imenta l  
point ,  and  f rom the  analyt ica l  A and  H values,  the  funct ion:  

H - -  h K t  h + 2 K 1 K ~  h 2 
n - -  A - -  1 ~ - K l h ~ - K 1 K 2 h  2 ( 6 )  

could be obtained.  
The  exper imenta l  da t a  are p lo t t ed  in t he  form ~ ( - -  log h) in figure 2. 
I n  order  to ob ta in  the K1 and K2 values,  the  m e t h o d  of the  normal ized 

curves was employed  9. The  exper imenta l  points  were compared  wi th  a 
family  of curves of equa t ion :  

R u  + 2 u  2 
- (7) 

1 § 2 4 7  2 

where  u = h I K 1 K 2  and  R ~ K 1 / I / K 1 K 2 .  
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I n  the  posi t ion of best  f i t  the  values 

log K1 = 9.67 • 0.08 and  log K1K2 = 14.56 :~ 0.08 

wore obtained.  As it  can be seen f rom figure 2, exper imenta l  points  and  
theoret ica l  curve  agree ve ry  well. 

2 b. Distribution coe]]icient o] o-aminophenol 

I t  was conven ien t  to de te rmine  po ten t iomet r i ca l ly  t he  d is t r ibut ion  
coefficient  as described below, because,  this compound  is easily oxidizable  
in solution. To this  purpose,  a two phase  t i t r a t ion  method ,  employed  by  
Rydberg 1~ and  by  Dyrssen 11, was performed.  

A known q u a n t i t y  of o-aminophenol ,  dissolved in measured  volumes  
of aqueous  and  organic phases, was t i t r a t ed  by  a N a O H  s tandard  solution, 
by  measur ing  the  e.m.f, of a cell s imilar  to A. 

I n  this  ease the  solut ion S had  the  general  composi t ion:  

A M  in L ;  H M  in I-I+; 1.02d in Na+;  (1 @ H - - A ) M  in C104-; 

a t  known vaq and Vors values.  
F r o m  the  ;~A defini t ion and  as the  A F -  concent ra t ion  can be neglected 

for - -  log h ~< 6, i t  can be wr i t t en :  

log [H AN]era 
[He A 2 ' + ]  = l o g  Y = log XA - -  l o g  h - -  log Ks  ( 8 )  

By p lo t t ing  log Y vs. - -  log h, a s t ra ight  line wi th  slope 1 is obta ined.  
A t  log Y = 0, 

log XA = log K2 + log h. (9) 

By  in t roducing  in eqn.  (9) the  known log Ks  value,  log XA can be cal- 
culated.  The  [ t t 2 A F  +] and [HAF]org  values,  necessary to calculate  log Y 
[s. eqn.  (8)], could be obta ined  f rom the  e lec t roneut rMity  law:  

[H2AF+]  = [CIO4-] H [ O I L { - ] -  [H +] - - [ N a  ~] -;- [AF-] (10) 

and f rom the  mater ia l  ba lance:  

Atot = Aaqvact @ AorgVorg : Vaq ([H~AF+] H [ H A F ]  H [ A F - ] )  q- 
H [HA F]org Vorg (11) 

In  the  range - - l o g  h /> 8.5, [H2AF+]  can be neglected,  consequen t ly :  

log [ttAF!o5g = log Y'  = log XA H log K~ H log h (12) 
ct 

As described above,  also in this ease the  a and [HAF3org values  could 
be calculated f rom eqns. (10) and  (11), resp. 

A s t ra ight  line wi th  slope 1 is ob ta ined  by  p lo t t ing  log Y'  vs. - -  log h ; 
at  log Y" = 0, the  va lue  

log ).A = - -  log h - -  log K1 (13) 
can be calculated.  

F r o m  the  s t ra ight  lines repor ted  in figures 3 and  4, the  values 

log XA = - -  0.47 and  log XA = 0.58 

were ob ta ined  for CHCla and  (C2H5)20, resp. 
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Fig. 4. Plot of the two phase t i tration of o-aminophenol between (C2H5)20 
and H20 
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2c.  C o m p l e x  ]orma t ion  between Cu(II)  a n d  A F  

This system was inves t iga ted  potent iometr ica] ly ,  b y  measur ing  the  
e.m.f, of a cell similar to (A), where the solut ion S had  the  general  com- 
posi t ion:  

B M in Cu(II)  ; H M in I-I+ ; A M in L, 1.0M in Na  + ; (1 + 2 B + H - -  A ) M  in 
C104-. 

Table  2. 

A : 1 .0 •  10-3M; B : 0 . 5 •  10-3M 
n ( - - l o g  h, - - l o g  a): 0.235 (4.58, 8.63); 0.300 (4.68, 8.48); 

E x p e r i m e n t a l  D a t a  ]or the S y s t e m  C o p p e r ( l I ) - - o - a m i n o p h e n a t e  

A 
( - -  log h, - -  log a) : 

A 
n ( - -  log h, - -  log a) : 

A 
( - - l o g  h, - - l o g  a): 

0.367 (4.78, 8.34); 
0.439 (4.87, 8.22); 0.512 (4.97, 8.09); 0.588 (5.08, 7.96); 
0.669 (5.19, 7.83); 0.714 (5.25, 7.77); 0.744 (5.32, 7.65); 
0.826 (5.39, 7.63); 0.852 (5.47, 7.54); 0.903 (5.56, 7.46); 
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); 
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). 

: 1.0 x 10-3M; B : 0.25 • 10-3M 
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, 7.35); 1.12 (5.77, 7.12); 
1.33 (6.06, 6.83); 1.51 (6.25, 6.67). 

: 0.5 • 10-3M; B = 0.50 • 10-SM 
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). 

: 0 . 5 •  10-aM;  B = 1 .00•  10-zY/ 

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). 

Ti t ra t ions  a t  B = (0.25, 0.50, 1 .0)•  10-aM were performed;  a t  
B ~ 1.0 • 10-3M precipi ta t ion took place. 

The a value could be calculated by  t ak ing  in account  the  mater ia l  
balance of H and  tho mass act ion law: 

H - - h  
a = K1 h ~--2 K1K2-7i 2 (14) 

I n  eqn. (14) the hydrolized species of copper(II)  and  the  mixed com- 
plexes were neglected. 

F r o m  the knowledge of B, A, h a n d  a, the func t ion :  

Z n ~ a~ 
A - -  a - -  K 1  ha  - -  K 1  K 2  h 2 a n 

= B . . . . . .  - -  1 + Z ~ a ~ (15) 
n 

could be calculated. 
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The data n ( - - l o g  h, - - l o g  a) are collected in table 2 and they are 
plotted in the form ~ ( - - l o g  a) in figure 5. From figure 5, it can be seen 
that  n is independent of B, consequently the validity of eqn. (14) and the 
absence of po]ynuelear complexes are confirmed. 

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

R u  + 2 u  z 
n -- (16) i + Ru + u2 

where u = a t  ~and R = ~i/Y~. 
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Fig. 5. Experimental data for the system Cu(II)--o-aminophenol.  
curve is the normalized one of eqn. (16) in the position of best fit 

The 

In  the position of best fit, the values: 

log ~1 = 8.08 _u 0.08 and log ~ = 14.60 • 0.06 

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

C o n c l u s i o n  

The obta ined  values for the  s tabi l i ty  constants  of the  system 

C u ( I I ) - - O x  agree with  the values repor ted  by N d s g n e n  and Pent t inen  2, 
and Albert 3, if the  difference of ionic s t rength  and t empera tu re  is con- 

sidered. On the  contrary,  the  log XB value  here obtained,  is much  lower 

than  t h a t  repor ted  by  Fresco and Freiser ~. 
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The log K1, log K2, log ~1 and log ~ values obtained for A F  are a 
little lower than those reported in ~ef.1; this can be at tr ibuted 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. 

A F  is more soluble than Ox in water, while it is less soluble in CHCls 
than in (CsHt)~O. This is explainable, if considering tha t  A F  can give 
hydrogen bonds with water as well as with ether, but not with CHC13. 

The difference between the investigated compounds can be also 
pointed out, when considering their behaviour as ligands. Both Ox and 
A F  form complexes OuL and CuL2, but their stability constants are 
very different. 

In  fact the pyridinie nitrogen, present in Ox together with the 
phenolic OH, gives a planar structure tha t  helps the formation of bonds 
with eopper(II). In  addition to it, the higher stability of the complexes 
formed by  Ox is explainable by the better overlap of the orbitals of 
pyridinie nitrogen and Cu(II). 
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