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The formation of binary and ternary complexes of glutamic acid or histidine and imipramine
with Cu(II) has been examined using differential pulse polarographic technique. The reduction
of both simple and mixed systems is reversible and controlled by diffusion. The obtained results
reveal the formation of mixed complexes. For the system Cu—Glu—Imip, one mixed complex was
formed: Cu(Glu)(Imip), with stability constant log{B12} = 10.51, while the system Cu—His—
Imip forms two complexes Cu(His)(Imip) and Cu(His)(Imip), with stabilities log{B11} = 6.25 and
log{B12} = 8.77, respectively. These experimental values were compared with the statistical ones.

Mixed complexes are usually formed when the
metal ion is present in a mixture of two or more com-
plexing species in solution [1—3]. Different electro-
chemical techniques were applied to study such sys-
tems [4—6). The method of DeFord and Hume [7] as
extended by Schaap and McMasters [1] was used to
calculate the formation constants of the mixed system
using direct current polarographic technique. Differ-
ential pulse polarography has been demonstrated to
be useful in determination of the formation constants
of simple [8] and mixed ligand complexes [9, 10].

Formation of low-molecular mass (l.m.m.) com-
plexes in biofluid may be described as multimetal mul-
tiligand equilibrium involving essential exchangeable
metal ions and amino acids or other biomolecules. Be-
cause potential ligands greatly exceed biological tran-
sition metal ions in number and quantity, mixed lig-
ands complexes must be more common than binary
and multinuclear ones.

Biological systems have developed a number of
ways of keeping the concentration of free (aquated)
metal ions to very low levels. Too high concentration
of these free metal ions, even the essential elements, is
clinically damaging and even fatal. Proven examples
are the effects of excess Cu ions in Wilson’s diseases
[11].

Amino acids are by far the most effective and im-
portant biological ligands considering the available co-
ordination sites of a metal ion and the multidentate
nature of amino acids and other potential bioligands.
Mixed ligand complexes with two different ligands,
ternary complexes, are most important in biological
systems [12].

Chem. Papers 52 (3) 159—162 (1998)

Histidine and other amino acids are involved in
copper(II) transport in blood and exchange interac-
tions with serum albumin [13]. Imipramine is one of
the most widely used drugs for the treatment of de-
pression [14]. Hence their binary and ternary com-
plexes are of great interest. So the present work is
aimed to study the expected formed complexes be-
tween Cu ions and imipramine and histidine or glu-
tamic acid using differential pulse polarography.

EXPERIMENTAL

The polarograms were recorded using a potentio-
stat model 263 (EG & G PARC) coupled with 303A
static mercury drop electrode (SMDE). The used pa-
rameters are: pulse amplitude 25 mV, scan rate 10 m
V s7!, drop time 0.5 s. An IBM computer was used
to control the potentiostat and the cell.

The pH-metric measurements were carried out us-
ing an Orion-Research model 601A.

Imipramine (Sigma), glutamic acid (Merck), and
histidine (Sigma) were used without further purifi-
cation and dissolved in double-distilled water. The
total concentration of imipramine, glutamic acid or
histidine was recalculated taking into consideration
their pK’s values, these being 9.50, 9.59, and 9.09 for
imipramine [15], glutamic acid [16], and histidine [16],
respectively. A stock solution of 0.001 mol dm~2 cop-
per was prepared by dissolving a suitable amount of
copper nitrate in 100 cm?® of bidistilled water. All other
reagents were of anal. grade. Sodium perchlorate (0.1
mol dm~3) was used as a supporting electrolyte. The
dissolved oxygen of the analyzed solution was removed
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by passing a stream of nitrogen during 8 min. All the
experiments were performed at room temperature and
using unbuffered media (sodium perchlorate, pH 7.0).

RESULTS AND DISCUSSION

The expected simple complexes between Cu(II)
and each previously named ligand have been inves-
tigated in order to determine their stability constants
under the same conditions used for the study of
the mixed complexes. The stability constants of the
formed binary complexes were calculated using the
DeFord and Hume [7] method as modified by Heath
and Hefter (8], which may be expressed as follows

Fo(X) = Bi[X) =
= antilog (0.434nF/RT AE,) + log I5/I. (1)

where [X] is the analytical concentration of the lig-
and, AE, is the peak potential shift, and I and I
are diffusion currents of the free and complexed metal
ions, respectively. The other symbols have their usual
meaning.

For the ternary systems, the Schaap and McMas-
ters model [1] as modified by Killa et al. [5] was used
to calculate the formation constants. The method may
be expressed as follows

Foo(XY)=antilog [(0.434nF/RT)AEp +log Is/1.](2)

where
Foo = A+ B[X] + C[X)* + D[X]? (2a)
and
A = Bo1[Y] + Bo2[Y]? + Bos[Y]? (2b)
B = f1o + BulX] + Bra[Y]P (2¢)
C = Bao (2d)

The values of A, B, and C were obtained from the plots
of Fy vs. [X] by the extrapolation of Fyg and Fa to
[X] equal to zero. The values of Fj; were calculated
from the following relations

Fio = [Foo — A]/[X] (3)
Fy = [F10 — B]/[X] (4)
Fs0 = [Fao — C]/[X] ()

The simple complexes occurring between copper(II)
and each previously named ligand were studied under
the same conditions used to study the mixed systems.
For both simple and mixed complexes, the reversibil-
ity of the reduction process was demonstrated by the
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Fig. 1. Peak potential of Cu(II) as a function of log {Imipra-
mine}, ¢(NaClO4) = 0.1 mol dm~3.

half-width values which are in good agreement with
those calculated by Dillard and Haneck [17]. The re-
versibility was also confirmed by cyclic voltammetric
measurements at the scan rate of 100 m V s7!, the
difference between E,, and Ej,. being very close to the
theoretical value of 0.059/n V [18, 19]. On the other
hand, the direct proportionality of d.c. polarographic
current to the square root of the effective mercury
height indicates that the reduction process of both
simple and mixed systems is controlled by diffusion.
The obtained results show that the peak potential of
copper is shifting (E,) to more negative values with
increasing Imipramine concentration. Fig. 1 shows the
plots of Ej, vs. log Imipramine concentration. The ob-
tained graph throws the light on the method that
should be used to calculate the formation constant of
the expected formed complexes between Cu ions and
Imipramine. As the resulting graph is a smooth curve,
the method of DeFord and Hume [7] should be used
to treat the polarographic data.

The plots of F;(X) vs. [Imip] are indicated in Fig. 2.
The curvature is decreased as the function increases,
Fy(X) is a straight line with a definite slope and F3(X)
is a parallel to [X] axis, i.e. the maximum stoichiomet-
ric ratio is two. The formation constants are deter-
mined from the interception of the curves with F;(X)
axis at zero concentration of imipramine. The esti-
mated values are indicated in Table 1. These values
agree with the reported ones [4, 16].

The plots of E,, of copper ion against log {Histidine}
or log {Glutamic acid} gave a smooth curve and conse-
quently the method of DeFord and Hume [7] was used
to determine the formation constants of the formed
complexes. The obtained results indicate that all the
studied ligands form 1:1 and 1:2 (metal:ligand) com-
plexes as shown in Table 1.
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COMPLEXES OF COPPER WITH AMINO ACIDS

o | v | T I | —
NENES Aix)
<[ <42 -
O C
9|90 b3 |- _

- Fb(X)

< 7F70b2% i

-

5 |50 |18 |- .
o Ea) X "
3 |30 |10 / AX) ]
1Ll |
L1 |

0.5 1.0 15 2.0 25
[Imip]/(10.l' mol dm™3)

Fig. 2. F;(X) as a function of imipramine concentration.
Table 1. Stability Constants of the Formed Binary Complexes,

Unbuffered Medium, ¢(NaClO4) = 0.1 mol dm~3,
¢(Cu(Il)) =1 x 1075 mol dm~—3

System log{B1} log{B2}
Cu—Imip 3.31 5.62
Cu—Glu 5.73 9.66
Cu—His 3.40 6.29
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Fig. 3. Peak potential of ¢(Cu(II)) =1 x 10~% mol dm~3 as a
function of glutamic acid concentration in the presence
of ¢(Imip) = 0.00 mol dm~3 (@), ¢(Imip) = 9.0 x 105
mol dm~3 (M), ¢(Imip) = 2.1 x 10~4 mol dm=3 (o).

Ternary Systems

The Cu(Glu—Imip), Cu(His—Imip) mixed sys-
tems were studied by keeping the concentration of
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Table 2. Stability Constants of the Mixed Complexes Formed
between Copper, Imipramine, and Glutamic Acid or
Histidine. [Imip] = a) 9 x 1075 mol dm~3, b) 2.1 x
10~% mol dm~3; Unbuffered Medium, ¢(NaClO4) =
0.1 mol dm~—3, pH 7.0

log{A} log{B} log{C} Ilog log
{B11} {B12}

System

Cu—Glu—Imip a 1.4 4.4 7.90
10.51

b 1.8 5.0 8.20

Cu—His—Imip e« 0.3 3.6 6.27
6.25 8.77

b 05 3.9 6.18

Imipramine constant at 9 x 10~° mol dm~2 and 2.1 x
10~* mol dm~2 and varying concentration of Glu and
His. The stability constants were calculated using eqn
(2). Since Cu(II) forms individually four-coordinated
complexes with amino acids of bidentate nature, there
can be the possibility of the existence of only two
mixed species 1:1 or 1:2. In each of the mixed sys-
tems, a shift in the peak potential to more negative
side was observed with increasing glutamic acid or his-
tidine concentration. This shift is in the presence of
Imipramine greater than in its absence (Fig. 3) indi-
cating the formation of mixed complexes. The func-
tions Fyo, Fio, and Fy9 were obtained as described
above for each of the systems under investigation. The
values of A, B, and C were abstracted from the inter-
cept of Foo, Fio, and Fs with the [X] axis at [X] equal
to zero, respectively. Using eqn (2¢) and the two val-
ues of B, the stability constants 3;; and ;2 for the
ternary systems MAL and MAL,, respectively, were
determined. The obtained results are given in Table 2.

For the Cu—Glu—Imip the value of §;; is nega-
tive, i.e. the Cu(Glu)(Imip) does not exist in the solu-
tion under our experimental conditions and the value
of log{B12} was calculated to be 10.51.

For the Cu—His—Imip, the stability constants
log{B11} and log{B12} were calculated from the two
values of B and were found to be 6.25 and 8.77, re-
spectively.

The binary and ternary complexes have been com-
pared. The mixing constant, K [20] was used to com-
pare the stabilities of the binary and ternary com-
plexes. For the following reaction

1/2[Cu(A)2] + 1/2[Cu(L)z] = [Cu(A)(L)]

the mixing constants (log{Kn}) could be calculated
from the relation

log{Km} = log{f11} — 1/2log{B20} — log{fo2}

For the Cu(His)(Imip) system, a value of 0.35 was
determined for log{Ky,}. This value shows that the
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Table 3. Equilibria Involved in the Formation of Ternary Com-
plexes for the Cu—Glu—Imip System

Equilibria log{ K}
1 Cu + Glu + 2Imip & Cu(Glu)(Imip)2 10.51
2 Cu(Glu) + 2Imip = Cu(Glu)(Imip)2 4.78
3 Cu(Imip)2 + Glu & Cu(Glu)(Imip): 4.89
4 Cu(Glu)2 + 2Imip = Cu(Glu)(Imip)2 + Glu 0.85

Table 4. Equilibria Involved in the Formation of Ternary Com-
plexes for the Cu—His—Imip System

Equilibria log{K}
1 Cu + His 4+ Imip = Cu(His)(Imip) 6.25
2 Cu(His) + Imip & Cu(His)(Imip) 2.85
3 Cu(Imip) + His & Cu(His)(Imip) 2.94
4 Cu + His + 2Imip & Cu(His)(Imip)2 8.77
5 Cu(Imip)2 + His = Cu(His)(Imip) 3.15
6 Cu(His)2 + 2Imip = Cu(His)(Imip); + His 2.48

mixed complexes are more stable than the simple ones.

The equilibria between various species existing in
solution for Cu—Glu—Imip and Cu—His—Imip sys-
tems with the equilibrium constants (log{ K, }) values
are given in Tables 3 and 4, respectively.

From Table 3 one can observe that the equilibria
2, 3, and 4 favour the formation of mixed complexes
over the simple ones. The same table shows also that
the addition of Glu to Cu(Imip); is more easier than
the addition of Imip to Cu(Glu),, (equilibria 3 and 4).

From the values of log{K} in Table 4 one can ob-
serve that the equilibria 2, 3, 5, and 6 favour the for-
mation of mixed systems over the simple ones. It was
also found that the addition of His to Cu(Imip) is more
easier than the addition of Imip to Cu(His) (equilibria
3 and 2) and Imip can replace His readily (equilibrium
6).

The distribution curves of the different complexes
formed in each system have been calculated as men-
tioned elsewhere [4—21]. Fig. 4 is a representative dia-
gram showing the distribution of the Cu(His);(Imip);
complexes (a/%) as a function of the histidine con-
centration in the presence of 9 x 107° mol dm™3
imipramine.
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